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h mam OF IESISiJil6 ALPHA-^LASE WTWS MITH ?8EI)£HI^I» l*i0l*£l!TIES 

wtBiM OF mE tmrm^im 

s Th® |jr««ejit i»v©ntion r«iates to a novel mat hod of designing a~ 
at??yXase mutants with pr^dst^rmined properties, wliich method is 
ba£»%d on tha hitkssrto titsJcnown tJiree-diajeii^ionsl ^tx'ucture of 
bacterial isi-ms^l&^^B , 

i Q Mhommmm of the immt i on 

Qf-Amylases gluca-n~4~glucanohydrolase, EC 3.2-.1..1) 

constitute « groi^p of enzym.^,s which is oapabie of hydroly^ing 
starch ai5d other liaear a»d branched ,t,4-gluoosidic oligo- and 
IS isolyisacohmride^, Mtnost all «»amylasea studied a few 

conserved re^ionf wltfa approscifBafceiy the :0a«e length atid 
spacing, On« of tfesse regions r eseteblss tlie Caa-s- isiBdittg site 
of calmodulin aad th^ otJiers ar® thought to be; 3iec®@;sax:y f or 
the activ:e eentre and/or fciadixig of the suhstrate, 

Wnxl« the amino acid sequence asd thus prixasLry structure of a 
large nusil^er of <3t-»amyias«js are ksxomi, it h^s proved very 
dif ficxjlt to 4«terT8la« the tferee-dimensl©3sal stsmcture of ail 
€»-ai«3(rlases . tfe® three-dimensional etrticture can be determined 
25 by l~ray cryatallographic analysis of iat»aniy:jase crystals, but 
it has proven dlf ficxiit to obtain ©^amylase crystals euit^Me 
f or actually soi^lijg the g!truct\3sre , 

Until no^ the three-dimensional structvsre of only a few 
3& «f-amylae«s have been detenslJied at high resolution, These 
iHOlhde tSe struoture of the ABpergilJuB oryzae TISiKA a- amylase 
(Swift et al, , 1§M) > the Aaperfifiliu^ nigger ao iBrady 
et al , X591J .< the structure: of pig pancreatic a-ayriylase {Qian 
et al . , 10§3] , and the barley alpfea-atoylase (Kadziola et al, 
3S 1394^ Journal of Molecular Bioiogy 239t 104-121, A.Kadziiola, 
Thesis, Dept of Chemistry, of Conenhagen, Denmark) . 

Parthermore i tbe three -diajensiotisl structure cf a Bacillus 
circulaiis cycIode:xtrin glycosyi transferase (CSTase) is known 
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cataiysEes t&e same t>p® of i-eactions &^ a-^amylases and exhibits 
some struqturaX s^eset^lance with a» 

5 Fiirthesrrrior® , crystallixatlon and prelimiriarj' X~ray studies of 
S. ssubtilis m-sm^lmMB have been described f Chang et al , 11992 5 
and iKl2;un© et al» , |?o final B, ^uhtilis strmcsur^ ha« 

beeji reported Analogously, the pfreparation of ®> Itisit^niffarmis 
^(-a^yiaae crystals has been reported (Sumki at aX, llSSOl, but 
xs iio subsequent report on K~ray crystallograpbie analysis or 
tliiree-dimensibnal structure are available , 

Several s:;eeea3fqfe tssams h^ve attempted to build 
three" dimensional structtsree on the basis of the above known 

IS af-ats^lase structures. Fisr instas3Ce> ViMnen et al. CJ. Bioche?R> 
XO?, 26?~^?2f , disclose the modelling (or computer 

einjuiation) of a three ^disaeasional strticfcure of tise Bacillus 
Bt BB.ro thermopkil%i:s af-amylase on the basis of the TAtl^ amylase 
structure . The model wa's used to investigate hypothetical 

zs structural ccnseguences of various site- directed TRutatiotiS of 
the B, stearotberjTjppMlue «~acjylaae. Hac^s^regor {ISS'7) 

predicts tlae presence of Qt-helioes: and iS-barrels in Oi'^amylase® 
frpm different sources, including basriey, pig pancreas and 
jSaciilus Mmy^XoIiquetmaitstm on the basie of the known structure 

^$ of the A, oTyzae TttKA sx-ansylass iisid secoridar^ structure 
predicting aXgorithtss . Furthermore, the possible loops and 
subsites which may foe foursd to be present in, e.g./ the B, 
^mylQliqiie£&ci&UB a'-ajaylase are predicted: fbased on a 
coniparison with the A. ory^rae sequence and structure) . 

A.E. J^acOregor (Starch/Sttrke 4S {;iM3K Ho, 7, p. 233-^37) 
presehts a xeviev of tM relacidhship between the structura and 
activity of qf-amyiase related pnzYm&s, 

3 5 Hitherto, no three -dimensroaaX structure has been avaiiabl® for 
ths industrially important Bacillm; :«-an?ylases I which in the 
©resent context are termed "'^eraan'syl'-like a- amylases" I , 
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BRIEF Disci*QsmiE OF THE Wtimmtm 

s 

Tlie tl^ee-diTssnsloa&i struettsre a Termaawl-like bacterial 
o!»asiylas® has ispw b«i€ia feltteijdatsia^ Qti the basis of aTiaXysis 
of said str\jcfcur« it is p&m±hl€ to identify stsmctwal parts 
or sp6ici|ic «piii,6 acid ifi^iiidii^a wfeicli from struetural or 

10 fimctionai considerations appsas^ to he important f or o©iKf«rriji9 
the various properties to the Termsmyl-like a-awylases . 
Furthermore, when comparing the Tsrmamyl~l.ike a -amylase 
structure v?ith ^sss^wn strustures of tise- fungal and mammalian 
<X;-ai«ylas«s it^ntipTied above, it has been foujid that some 

15 similarities exist between tha stsructurest, but also that some 
striking, am not previously predicted; struct\sral differences 
between the {Sf'^ajayiase® exist. The present invent idn is based on 
theae f indin^rs- 

«o Accordingly, in a first -afepect the invention relates to & 
method pi constructing a variant of a parent Tariisawl-lii^e a~ 
amylase, Which variant has «x«amyiase activity and at least one 
altered property as cornpared to said parent a-atnylase, which 
method eoMprises 

i) analysing the structure of th® Termarnyl-like »~amylass with 
a view to identifying at least one amino acid residue or at 
least one structural part of the Tsrffiamyl-like a- amylase 
structuriSi. which assino acid residue or structural part is 
3? helieved to be of relevance for altering said property of the 
parent \rertnamyl ~ like of»a?Kylas;e Tas evaluated on the basis cf 
Structural or fuhotional cbhslderatipns) , 

lis constructing a Tormaisyl-like af~as>^ylase variantj which as 
3g conipared to the parent iermasnyl-iike q;~ amylase ^ has been 
?soci£i:Sd in the amino acid residue or structural part 
identified in i} so as to alter said property, and 



iii) tesfcisg the ^resultinar TermaTSFi^iiJs^ ^~af»ylaae variant for 



s Xn a aecoud aspect the pr&seat indention relates to a method of 
cpiistructijsg a; Viariant of a parent TermaniyX-llJce &-a.myla.B^, 
which variant has i»«e;j85rlasi& activity ^ or more altered 

i) r©:^ertie« as cosjipared to said |jare»t amylase, ti^hich jsethod 
cos^priaes 

10 i) comparing the three-dimensional strxicture of the Termamyl- 
like amylase with the etructure of a noj?-Terrnamyl~iiks «- 
asssylase^ 

ii) ideijtitying a pert of the T^nasjayl-like a-amylas© structiixa 
which is ditt^x^nt fror?! th«^ jaoh-Termamyl-like a-amylase 

is etriicturef and 

iii) rsodifyiijg the pert of the WJrpamyl-like a-amylaea 
IdentifiM ih ii) whereby a Tennainyl-like cs'-amylase variant is 
obtained, ona or ruore properties of: which differ from the 
parar»t Teriaamyl - 1 ike or ~ atnylaae ^^ 

20 

Iii a third aspect the iiiyeritioh telate^ to a tsethod of 
oo$iat3^ctisig a variant of a parent nQXJ>-!rer?namyl-like a«afnylase^, 
which yariaht has s^-aiftylase activity end owe 6r siore altered 
|i3fopertligs eg cpjsiparsd to eaid parsnt <af-an!yiase, which method 
2S comprises 

i) cOTKpariag the three -diirjensionai atrucfc\:^re of the son- 
Tertnamy 1 - like ot-aroylase wi th the structure of a !|:«rj»amy 1 - like ■ 
sx-^ amylase, 

ii) ; identifying a part of the iioh-Tarmamyl~like a- amylase 
M atructure whieh is different from the terma®ylriike a- amylase 

St rue Cure, snd 

ill) modifying the part cf the ftoa-TerisaTnyl -like a- amylase 
identified in li) whereby a non-Ter^samyl-like e~ amylase variant 
is obtained, one or more properties of which differ from the 
35 parent Termamylr' like «*amylase . 

The property which may he altered by the above methods of the 
present invention may, e.g., be s«bstrate specificity. 



s 

stibstrat® biMisig* ^db^tfst® clgssivsga patfce3?sj, tetf^erattire 
statoility, pH ^^p^nd^tit activilfcy, pM ^^p^ndmnt jstability 
C«spscially incr«;«^sed st^ability at low pK<€, in 

particular pH<5) or Mgh (e.g. |>H>9) pH values) , stability 
s towards oxidation, Ca^'- dependency, specific activity, and other 
|>roperti®s of interest . For instance, the alteration may result 
ia a variant which, as ^comparad t© th® par^ht T^rmatnyl-lika 
BWflm^t ha^ SIS irkcrea^ed ^m^Mlc activity at a fiyan pH 
Slid/or an aXtsred substrate stseeiS 

Iii still further aspects ;th€ im^entiosi relates to variants of 
a Tejnnafiiyl'-like of-amylase; BHA encoding such variants and 
methods of preparing the variants . Finally, the invention 
relates to the. use or the variants for various industrial 
IS p^rposas, 

DSTMLED PISCLOS?^ OF THS IW»IOS? 

It is lifell known that a nunjJser of alpha-ajRylases produced by 
B^cilluB spp. ^ri^ hiSfhly hompXo^ous on the amino acid lev©!. 
For isistajsca^ the B. Xtciienif&rmis Of-amylaasf oomprising the 
asftino acid iSi^(|uahds! shown in SSQ ID Ho, 5i (conjmercially 

25 avaiXabls as Termaisyl®) has been found to he ateout 89% 
homologous with the B, m^yloligxief&cienB <sf~ amylase comprising 
the amino acid sequence shown in SEQ ID Mo. 4 and about 7g% 
hcmologou® with the B. B teM.ro thBmiophilUB a~amylase comprisir.g 
the amino acid sequence ahowi in SEQ XD Mo, 6> Further 

30 homologous iSframylases include an Sf^amylase derived frotn a 
strain of the BmcIUUs sp, miB 12289, WCIS 12512, mm 12S13 
ar i>SM all of which are deeeribed in detail in m 

95/26297, and the a~ansylass? described by Tsukamoto et ax,, 
X:588 , Biochemical and Biophysical Research Communications , Vol . 

3S iSX, No. I. Still other hcjriologous o- amylases include- the »~ 
amylase produced by the B. iichemrorssis described in EP S52 
tATC0 27811) , and the os-amylases identified in WO Sl/oasSS 
ana WO 94/1 S3 14. Other cosTsmsrcial Termamyl-like S, 
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Xich&nifoxmis as^ajaylasiea are 0ptith«rm* an<5 T«katherm® 
^available from Solvay) , M&xamyl® kwaiXable froni Sist- 
brocades/Genencor) , Speaym M* layailafels firom Q^nisacor} aad 
Eeistase^ lavmilable from Oaiwa) , 

Because of tkm Bv&HBt&ntml homology found between these a- 
aistjf laiSs^s j th;sy cosasid'©*'®^ to Iselbxi^ to fch^ same class of 
am^i^iases, mssely ths o4ass o£ "Termamyl-lik® <s!~a^ylas«s<S 

3,6, Accordingly, in the present context, the term "Tern^amyl-lilce 
Amylase-** is intended to indicate an amylase which, on the 
amino acid level, exhibits a substax:jtial homology to TerT«amyl®, 
i.e. the S. lich^niiojmiB ^-acaylase S£Q ID NO 2. In other 
words, a termastyi-like a-amylase is a« amylase, which has the 

xs amino acid se^fuastcie s;ho»^» in BEQ IS iJa, 2 , 4 6s? S hereiii, or 
the amlho acid sequence shown in BEQ ID HO 1 or 2 of >?0 
or in Tsukamoto «t al,^ IBBB^ or 1) whioh displays at 
least aO%, such as at le&^t e.g. at least 7S%, or at least 

8G%, e.g. at least 8S%, at least S0% or at least 9S% hssmolo^^ 

2s with at least one of fai^ amino acid ae<3uencas and/or il) 
displays immunological erGsa*reacti%rity^^w^ ant ifoody raised 

against at l«ast oste of said aramyisiaes, and/or iii) is encoded 
by a PK:^ s^s|aence which hybridiae^ to the W& sequences 
encoding the aboye apiecified sx-^amyiases which are appare^Jt from 

2S SEQ ID Hos , 1, 3 and 5 of the jpresent e|jplication:, and SSQ ID 
MQ 4 and S p£ WO ^5/2S3S7, respectively- 

In Oomeotioh With property 1) the "homoiog^K" *nay he determined 
by use; of any conyen&ional algorithm, preferably by ijse of the 
38 dAP isrotasfsme f rOrs the OCO package version 7 .3 iJune ISS3) using 
default values for penalties (densti!:: Conspufcer Ordup U9;S1) 
Programme Manual for the GCG Fstckage, veraion 1, $75 Science 
Srive , Hadison:, s^isconaint US*% 53711} . 

35 E'rapartY ii) of the se-amylase, i.e.: th& im^uhoXogicai cross 
reaofeivity, may be assayed using an antibody raised against or 
reacti^fe with at least one epitope of the relevant Tsrmatriyl-' 
like a~a»vlase. The antibody, which may either be mono el cnal cr 
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polyclonal, ma.^ be pro<luc«j| hy m^thodB ktmwn in art^ , 
&s descri^-ed by Hudson et al.^ i$89 . The Immunol pgxcal cross- 
reactivity may be detersaiMd using assays kaown in the art, 
axarsplas of which ar^ W^stexm Blottiing or radial inimanodif - 
5 fusion assay., e-g. as described by Htidson et al., 1983, In this 
respect, immunological cross -reactivity between th® a-araylas&s 
havijtg the amino acid sequ^nc^s SEQ XJ> m&. 2, 4 and 6, 
respect ivisly , has been fc?iind. 

IS fh« oligonucleotide prob« iisied in dKaracterizatiion of tJi^ 
Termafayl-like of- amylase in acoorclance with property iilj above 
may suitably be prepared on the M^i® 0f the full or partisl 
RUCJl^otide or att^ino acid ssquerice of the ^-stsylsse in question. 
SuitabXe conditions for testing hybridisation involve 

S.5 preso^kisig lis §?c^SC and prehybridi zing for Ih at ™40*C in a 
solution of 20% fomsmide, SseD«nhardt''s S0liiti6n^ SOraM sodium 
phosphate, pH S.8> and SOi»g of denaturgsd sonicated; calf thymus 
tMhf followed by byisfidixation in the sauae solution 
supplemented with IOOmM ATP for ISh at -46«*C, or other methods 

M described by e,g, Sambrook at al., 138 s. 

Ih the preeent cont«3(;t, ^darived from** is intended not only to 
iBdicat® an a-assyXase pxod\xci&d or jproducible fey a strain of fchs 
organiain in ^^0tion> but also an as -amy 1 as® encoded by a DNA 

2s ee<|uence isolated from such strain and produoad in a host ox:~ 
g&ntmm transformed with said DNA sequence. Finally, the tersi is 
intended to ijidicate an <x-amylase which ia encoded by a D!>IA 
sequence of synthetic a^d/or cDHA origin aad which has the 
identifying characteristics of the a^s&mylasa in question. The 

30 tert?a is also intended to indicate that the parent a~ amylase may 
be a "v^&riant of a naturally occurring et-amylase , i ,e - a variant 
which ia the result ot a modification (insertion, sufostitution, 
deletion) of one or more amino acid residues of the naturally 
occurring .a -amylase , 

3S 
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Th© parent Of-atfeylase {being a Temaft\yl~like or non-Termatnyl- 
like a~araylasel may be a hybrid »-amylage, i.e. an a-amylaae 
g which comprisss a co^inafcios of partial amixso acid seijuences 
derived lr©m at least two di-amyla^ea. 

The patient hybrid ssrratrjylase tnay be one whlcfe on t&e basis ol 
amino acid hcstblc^ ^nd/or iTaai\in:diQg:ical crpss>r«activ^ity 

IS and/or OHA. hybridls^ation la® <3efiRed above) can be determined 
to baiong to the TermamyX- Xi)ce of- amylase: family. In this case, 
the hybrid a-amylase ia typically composed of at least one part 
of a Terjuas5yi- lilc« c^~ajsylaa« aiid part is ) of on-^ or more otHar 
or-aisyXasies selected from Tansamyi-like of-atnylases or noxs- 

xs T<Sirt8atssy 1 " 1 ike fif-^ajssylaiseie of microbial (bactes'ial oxr fungal | 
and/o3r iBajaBsaXiaxi brigiix^ 

ThtiS, the parent hybrid a-arrylase may cotsprise a consbiRaticn of 
at least two Tertsamyl-like ar~ amylases: , or of at least one 

sa Ter53mmyi«like a,nd at least one non~?exmamyl~lik« bacterial a- 
aiayXase, or of at least pn^ Termamyl-like and at l^ast one 
fungal ff'-aisylase < For iustaJicef the parent af'^asiyiase cotftprises 
a c-terfeiiaal jpart of ari d«atnyXase derived from a at rain of B, 
tichenxiorm-iB and a terminal part of an 0f~amyXas« derived 
from a etsrain of ^- mmyloliquefaciens or from a strain of B. 
Btearatk&rmophllus. For instance, the parent o;~amylasa 
cosRprise©: at Xeasst 430 amino ao id residues of the terftiinal 
part of tEs! B. lidisenifOrBii^ «-atf,y^ arid may, e.g- cOTRprise 
a) an amino aoid segment corresponding to the 3? iJ~ terminal 

36 atnlno aoid residues of the B, aimji^Ioligtje/acien iHr-mmyl&.BB 
having the assino acid sequence shown in SEQ IP No. 4 and an 
amino acid segment corresponding to the 445 C-terr?sinal srnino 
acid residues of the B, lich&niformis of- amylase having the 
amino acid sequence shown in -SEQ. ID Ho. a, or b) an amino acid 

35 segment oorresponding to the €8 t^-tet^ihal amino acid residues 
of the S. s tearotijer!SopM lus a-^astylase having the amino acid 
seouence shoMn in SBO 113 Mo< S and an amino acid sm^tn^ut 
oorresponding to the 41S C-terttsinal amino aold residues of the 
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B* licheigzxfoxisit^ «~ amylase ^ss^ying tfes ^miijo acid s®q3^«ac« sfhowu 
in BEQ IB No. 2. 

lirt&iogotisly, fche parent hybrid «•« amylase may belong to a -non- 
5 Termamyl-like <3s-amyla0e lamiiy, e,g, the Fungamyl-like a- 
amylats€; family* In that caae tiae liybrid 58ay comprisis at least 
pn^ pare of aii 0!-<assyla.a« l^^longing to the upn-Te3nESjai?iyl-iike a* 
mtr^iassi faisiily in eorctbinatiori with one or inor^ parts dsriwd 

3,0 

The TerEaamyl«iik^ a-amyl^s^ which was used to elucidate the 
three -slitsensional strwcttsre formiiig the Isasis for the present 

iS dhveistlos consists cf the 306 IS-tesrisihaX arnijio acids of the S. 
m!tj^I&liqaaiaci®n.B ot-assyiase {with tb« apino acid sequence sbovm 
in SEQ W Mo. 4) a«d amijid acid« 3C*2.^4S3 of th^ C-ter?RiBal end 
of the B. licheni-foxiTsis c(~&mylas® yftth tbe atnino acid saquance 
SSQ Xi:! Mo. 2, The bacterial a-awylaae beXorig^ to the "Termamyl- 

5:0 like a-amyiase family" and the present structure is believed to 
be represeiitatiye for the structure of any Termamyi-iike a- 
amylase. 

Tbe structure; of the of-^ amylase was sdlwd in aeoordahce with 
3S the principle for X»ray crystallogrsphic methods given in *2£^ 
Ray Structure Determination" , stout , G.K, aad Jensen, hM. , 
John Wiley & Sons, inc, ,1^3$^S. The stiructural ooordinates 

for the solved crystal strtjcture of the a » amylase at 2.2 A 
resolution using the isbmorphous ■replacetneht: method are given 
30 in a sfeaadard PCS format (ErookhaYeh Protein Data Base) in 
Appendiic 1. it is to be understood tbat Appendix l forms? part 
of the prs^jsebt applio^tion> 

Amino acid residues of the ehSfyme are identified by three- 
35 letter amino acid code (capitaiiaed istters) . 

The fi!-a?«ylase struetura is made up of three glofeulsr domains^ 
erdsr^d A, g> and C vfith respect to sequence, which lis 
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japprpxitsately along a lisie in tha drd^esr S, A,, C, TK® dbia^ains 
CMn M defixsea mm beisig rssiaues 1^103 and 20€~39S for domain 
A, residues 104-205 for doTnain B, and residues 3.96-403 for 
doiaaitt c, the auabars referring to the B, iiciseaiformis 
5 aByXase, This givs^ risa to a» elongated molacuXe/ the longest 
aacis being about 8SA. The widest point perpandiciiiar to this 
axis ia agprdxim^tsXy S04 an<a ppmn th® centra^l A 4<af8aisi^» The 
active site residues o£ the B. lichmMozmzB <if-amyl«Sie iSEQ ID 
>30 2) are D323 > Si531 ^nd ESSX, 

10 

Domain A ijs the largest do»aia and coritains the active site 
{comprised of s cluster of tkre^s amino acid re^idxies piaee4 at 

%& th« bottom of s d^^p clssft in the engyme^ s surf ace) . Bi»aain A 
oi mil known sseamyla^e sstructure^ have the 0mm ovesrall fold, 
^is. the (beta/alpha) 8 barrel with S central beta strands 
Cuunibsr 1-8* and 8 flanking sj-'~heliceg. The -barrel is definsd 
by HcGregor or?, cit- The C- ter'ttunal end of Beta strand 1 is 

20 ssoanected to helix 1 by a loop denoted loop 2. and ar* identical 
pattern la fonind for the ciithfer loopa. Th<&^e loops ehow soa^e 
■variation in slKe aM some; cap quite extensive. 

The 8 central Beta^strandis in the (beta/ alpha! S barrel 
25 Superimpose well foetweea the various known a'-stnylase 
structures, and this part;, cf . the structure,, including the -close 
surroundings of the actiw sits located at the c- terminal end. 
of the beta- sttahds, sho# high similarity bet ween the different 

The loops connecting h&t^~strsind^ kn^ alpha heiioes display 
high variatiohs between alpha amylases . These loops constitute 
the scructursl context of t^he active site and the majority of 
the contacts to the substrate is found among residues located 
35 in these loops < Such itsportant oharact eristics as substrate 
specificity, substrate binding, pH/activity profile, starch 
cleavaqs pattern are determined by the amino; acids and the 
positions of sara© in these loops. 



structtare aad the structure of tfee Term^myl-like <s-amyl^s^ 
disclosed b«r®in which are foisM in loops 1, 2, 3, and 8 are 
visu^lixed i» the Figures, 

The T®rssajayi-iike 0f:*'amyliss« structure has beeii found to 
cbmpfiss a jsp^fe«?i,al dptR&in sfearuetuir# in tbM A domain's loop3 , 
also calle;d domain B, fh^ structure of the Termamyl-Iike 
atsylase B dotaain has never bean seen befor© in any of the known 
®-amyla^^ or (j8/alpha)S -barrel proteins. 

TMe domain S structure is a -i^ery coisspact domain ha-s/ing very 
high nussbsar; of charged r«sidu«s. The S domain 
extension of the loop beitween strand 3 and heiis: 3 of doteain A 
(shown in Fig. 7) ansi contains a 5 str&nded an^^iparailel 0~ 
sheet stTOCture containing at leaiSt one long loop structure and 
having the connectivity -XX> -i-2 {Richardson. &3v. 

so Protein Cheitu 34 * ::i€?r-:33g) , 

*Sh^ f irst fotsr strands of the S domain form two hairpin loops 
^hich jE;%?ist. around gach other like a pair of crossed fingers 
Cright-hand twist) The minchain folds into s S~strand which 

i$ connects two small S- sheet structures. After jsaking one turn in 
one sheet it folds back and makes up a two stranded sheet in 
contact with dojsain A and an internal hole in the a -amylase 
structure, Then the mainchain folds up to a sstall sheet 
structure nearly perpendicular to th^^ first two sheets. Before 

IP sntering the helije 3 on top o| the &-s;trSnd 3, the 
appr^oxitnately 24 last asfiino acids In domain B form two calciuf!^ 
binding sites in th^-: cpntaot r<ggion to domain A, 

Domain B is connected with domain A by two peptide strstcheSi 
3 5 which divide the domain-domain contact areas into two< DoTnaln 
B is in contact, •with Domain A by a calciutn binding region and 
an internally buried hole containing waters > Many types of 
moiecular contacts are present. Ionic interacting :fe«cwe®n acid 
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basic afsiao scicis are possible, these interactions are very 
important for the general stability at iiigh pH aM for keeping 
the Caiciuav binding sites intact , 

s jDomain C? 

Ppmain C im the C-tensiiial part of the jjrotein consisting of 
a^^mino acids 3f4'~48i3 . Doinaih G is campamd esstif^ly of strands 
which forrss a aiagle 8 -stranded afeeet structure, which folds 
10 back on itself, and thus may be described as a ^-sandfefich 
structure > The connectivity is +1, -3, -^1, *l, ~3 

although strands 6 and 7 asre only loosely connected. One part 
o£ the i^-sheet forsis the interface to dcsiain A, 

is tiM 'hihdihg and lira-Mndisijg: sti fces 

The structure of the Terstatriyl-lik« a-amylase is rejtiajrkable in 
that it exhibits four calcium- binding sites and one sodittm- 
foiixding sits. In other wrds four caiciutts ioas and one sodium 
so ion are found to be present in^ the structtire* although one of 
the calciuia ions displays yery weak coordination, 'iPwo of the 
calcium ■ions fona part of a linear cluster of three ions, the 
central ion being attributed to sodiw* which lie at the 
junction of the A anil B doaiains. 

ss 

The coordinating residues for the caiciuss ions between the a 
and B dotRain are as follows (using the Pdb file jiomenciature 
for amino acid residues a»d atotrjs its the ?db file found in 
Appendiss 1 herein) i For the calcium ion nearest to the actiY« 

3;8 site itm SOa in. the pdb file), the backbone carbonyls from 
Sis23S and Aspi94, the sidechain atom ODl from residues AspXS4> 
AsnX02 and Asp20C, and one water molecule WAT X3 {atom om) - 
For the sodium ion illM 50£j , the binding site includes atotn 
0D2 from Aspl&4, Asp2Q0, AspiSS and AapiSS, and a backbone 

35 carbonyl from %i2;01 < the coordinates for the other calcium ion 
between domain A and B are iSlJM SSI) t atora DC2 from Aap2D4 and 
AsplSf . backbone carfeonyl f rom AsplS3 and Maiea , ato«! mi troin 
^sp202, and one water ssoieoiiie WAT S7 (atom OW?) , 
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One cslcium im is located between tite A aj:s.d c domiii> anotii&r 
is located in tJis C domaiss,. The first ®<©iitioyied cslqium: ioia, 
which is also t.h« one best coordinated (IIM 503) inoXudes a 
carhoayl backbone from GXy300, Tyr302 and Kis40S, atom 0D2/0D1 
5 from Asp430.< atom QDi froni Asp4S7, and oas water molecule WAT 
XC I atom 0W7) . The other a;na very weakly coordinated calcium 
mfce lltM 5Q4) cotaprises 4 water wjlecules WAT X2i (atom OWS) , 
m (atcms 0W6) m {atom and 3£S8 imm Olf8) , 0Sa/0E2 from 

aiu447 mid om from j^sa444 - 

10 

Bubsttittm''bindinst Bite 

■Mithout being limited to |t«y tfeeory it is presently believed 
th0L% favourable irit^factioTis bets#®ea a substrate molecule and 

is the esizyme fsuclx as hydrogen bonds &ad/or mtxpng elect 

ixxteraiction) are f oussd within a sphere of -iA of the: stifestrate, 
wMeis bo'^d tb the en»y8»e, I"he followiiig re^id^ea of tli« B* 
lichenifox'iJiis a-amylaga haying the amino acid sequei^cs shown in 
SEQ ID Ho, 2 are contemplatei^ to be within a distance of 4 A of 

so the substrate and thus believ'ed to foe involyed in interactions 
with the substrate: 

Trpl3, Tyrl4* Asni7i A^pl8, S<srSO, GlnSl, MaS2, AspS3, ValS4, 
GlySS, TyrSS, Lys70. Arg74, Lys7S, mlmz, HiaXS5> Gly3.07, 
GiylSS^ AialO!?, Ht^X2Bf Thrl63, Trp:l€S> Asnl72^ 0 

3S TyrlS3, LeulSS, Metis?,, TyrlSa, Alal9:&, j^rgtass, ^^231, Ala2:32f 
Lys234, His23S, QlUMl, Tr^2S3, His327, AS|j328/ G1k333/ Ser334, 
and Ijieu33 S < 

The atsino acid residues o f another Tersriamy 1 - like isf- amylase , 
30 which are co^ts^fsplated to be witMn a distance of 4k of. the 
substrate, may easily be idetst if led toy aiigning the amino acis3 
sequence SEQ ID HD 2 with that of the other TermafsyX - 1 ike &- 
amylase and thereby identifying the positions equivalent to 
those identified above. 



Sy BSTfTUTI SHEST {Ry IE IB} 



14 

g^i;itx^il,,l;x,.ai §$m?s^i:!M& 

Because of the high homology*" batween the ^''arious Tsrmamyl-like 
a-amyiasss, the «oX\^ed structure def iTiad hy the coordinates of 
s l^ppeud-ix 1 is be'ii:s^®d: to b« rapresents.tiv^ for the stnacture 
of ail TermaimSiri^Xik!© Qf*atnyisa«s . A t»d<2®i ;st;ructure of othesr 
Tsrsaainyl-lik^ «~«myiases mj i>e buiXt on the hmis of 

question by itjse of aia alig^rsent bstw^ieen tB:e irisspeefcive afeino 
io acid sequences. The creation of a f»odel ^trtieture is 
eacetttpXlf ii> Example i > 

tlx© above identified sSrupturaXly characteristic parts of the 
fer??iaK3yl- like «-asriyiase structure (Ca-'foindiB^ sit«, substrate 

a.s binding site* l.ipopis> etc*) ?ftay easily be identified in otiier 
Tsisrjjsamyl-Iike OE-atnylase^ on the b«sia of a model (or solved) 
structure of tJae relevant Term&myi-Iike <i'-amylas® or simply on 
the basis of an alignment between the amino acid seg\isnce of 
the Tertnafnyl-like ce~ amylase in question with that of the B, 

m lich^nformis i3?~ai5?yiafe used herein for identifying the amino 
acid residues of the respective structural ele^eats, 

Furtiiertnot^e * i.h cpnhectioxi writh Tertaamyl-<like variants of tfee 
invention, which are defined by sipdlfication of specific amino 

25 acid residues of a specif ic Term&myl-like a-amylase.. it will be 
understood that variants cf another TertRatfsyl-lifce a-a^nylase 
tRodlfied in an equivalent position Am. determined from the toest 
possible amino acid stequence ^lignfsvent between the resisectiye 
sequenGes) are intended to be covered ee well. Thus, 

30 irrespective of whether an amino acid residue is identified 
herein: for the purpose of defining a structural part of a si^sn 
a-amylase ox -uae'd for identifying a variant of the a -.amylase-, 
this arnino acid residue shall be considered as representing the 
eqijivalsnt a^r.ino acid residue of any other Terrnsmyi- like 'S^ - 

.'js BET^ylase , 



IS 

In the methods according to the first,, second and tblrd aspects 
of th© in^rsntion the terns "structure of a Temamyl-like o- 
5 amylase^ and "Termamyl'-li)!:^ (sf-smylase structura" are intended 
to isidicste the solv^ed Btructxsjtm defined by tae coordinates 
l>rassiltiad in hpp^^ix l &t a ssodsil structure of s givan 
Tem^mylr-Iilce jx-amylase (mch m the B. Maheniiormi.^ w 
amylase) built on tlExe of th« solved structure. 

In most cases the parent Te-rtaaasyl-like s^--amylase to be modified 
in accordance with the present invention is different from the 
«~mmylaa« which was actually iised Jor 'Solving the structure 
(^^en<li3£ i) . -mis ssf^ans that the mlm acid residije ls) cr 
structural part {&) identified iss the solyM ^structure (%p®n.dix 
2.) tn stei? i) of the method according to the f irat^ second or 
third aspect of the iBveution taust be trisnfXated into the 
corresponding amino acid reMdu^{s) or structural., partis) of 
the parent Termaitsyl»like d;-a«sylase in questioh. The 
ao "translation" if conveniently psrfortned ct5 the basis of an 
amino acid sesjuence align?aent between the amino acid segx^ence 
of the TerTnan^l-like or ~a^yiaae tje«d f 03ir ssolvin^ the atructure 
ah<;S th^ essino acid se<|uessce of the parent Tertnasityl '-like 
amylase in question. 

The analysis or comparison perfoaased in step ij of the method 
according to the first,, second and third aspect » respect ively , 
of the invention tmy be perfortfted by use of any suitable 
computer prosramnse capaMe of analysing and/or comparing 

3 6 protein strticture^, e.0< the ^c>tnputer prpg^ramtne insight* 
available from Elosyrs Technologies, Inc. For ineta^^^cs, the 
basic priuGipie of structure comparisoh is that the three- 
dimensional strnctures to be cofspared are superimposed on the 
basis of ari alignTcjent of secondary strxsctus'e elemex^its (such as 

33 the central 8 |3' strands: in the barrel) and the parts differing 
bet%!?eeh the structures can. subsequently easily be identified 
irofi! the superitsposed atructure. 
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The structural part which is id«ntifi^d in step i) of th« 
?«ethods of the first, s^corid aiid third aspectS: of the inv-^ntion 
may be composed of on® asiino acid residue. However,- normally 
the structural part comprises more than one amino acid residue, 
s typically const ituti»f one of the above parts of the Termamyl- 
like «5f-araylase structure such as one of the ji, B, or C 4omi»s, 
an Interface feetvreen any of these dotnaiiK^, a oalcium bin<3in5 
site, a loop struotur^, the sijbstrat€ bitiding sit«, or the 

ia 

in the present context the term « structural or functional 
t;dnside rat ions" i& intended to indicate that modif ioationa are 
made on the basis of an analysis of the relevant structure or 
structisfal part and c<»ntempiate<3 impaet on the function of 

xs the enisyme- Thu§, an analysis of the structures of the 

Q!~aftiylases, which until now ha:s toeeh; elucidated, optionally in 
combination with an analysis of the functional differences 
between these a-ais?ylases# may he used for assigning certain 
properties of the a-amylases to certain parts of the cs-amylase 

2S structure or to contemplate such relationship , For instance, 
differences in this pat t<srn or structure of loops surrounding 
the active site may result in differences in access to the 
active site of the suhstrate and thus differehces in sufestrate 
specif icity and/or oleaiyage pattern. Furtbesiaore , parts of & 

25 ter?5\amyi~like a-astsylase involved in or contemplated to be 
involved in substrate feinding (and thus e,g, 
specif icity/cleavage pattern) , calcium or sodium ion binding 
(e.g. of iTaportance for the Calcium- s^ependency of the engyme) , 
and the like has been identified ivide infra) . 

5Ehe modification of an amino acid residue or structural part is 
typically accomplished by suitable modifications of a DHA 
sequence encoding the parent enay««e in question . The tersn 
"modified" as used in step ii) in the method according to the 
3S first aspect of the invention is intended to have the following 
meaning; 5^hen used in relation to as ataino aqid residue the 
term is intended to mean replacement of the amino acid resid^ie 
in cuastion with another afstno acid residus. IJhen used in 
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relation to a structural part, tisn© tmxm is ijit«nded to msan 
replaqsment of oBe or m>Tm amines aqid residues of said 
structural part, addition of one or more amino acid residues to 
said part, or deletion of on® or more ainXBO acid residues of 
s said structural part . 

Tpt^ 0onst3?ucfcioti of th© variant of iat<grest is acsoniiflisiied tey 
cultivatisiQ: ai microorganism comj^risitsg: a ss!|u©JiCies €!Ticoding 
th& wiSar coridtitioiis which sra conducive for ijroducing 

xc thm wriant^ nnS optionally subs-squently recovering the variant 
from the resulting qulture brssth, this is dascribad in detail 
further below, 

Pi^Bt aspect of the znv&ntlon 

is In a praf&rrad atafeodisient of th® method according to the f irst 
aspect of the invantioB the property of tfee parent ehayme to fee 
modified is seslectad from calciutn dependency^ substrata 
Mndisig:^ cleavsce pattern, pH dependant acti^vity and the like* 
Specific examples of how to change these properties «f 4 parent 

2& Tarmamyl-liKe a~a??^lase are giwa further belotis?- 

In another preferred etnbs«iimeht the; parent Termamyl-like o-- 
simylase to fee jRodified is a B, ilicheniforHris sf^atnylase, 

as Secd^^d and eMrd aeipapfr^ of the immntiem 

One important advantage of the methods according to the second 
and third aspects of th« present inveation is that it is. 
possible to adapt the structure (or a structural part) o£ s 
Termatnylrlike: erraraylaea to the structure (or structural part) 

30 of a non^T^irmssyi'^like os-amyla^e and vid& v^pTm. For instajice, 
having identilied a loop structure of the: non:«^TeriT5amyl~li;<e 
arsylase which is heliev^d to be responsible for or contrib-uciag 
to a particular property of the jaou'-Termassyl ~ 1 ike a -amylase it 
is possible to replace the corresponding structure of the 

3S Tarmamyl-lika a~smylase with said non-Tex~?rtamyl-liks a-amylase 
structure or if ho corresponding structure- exists in the 
'fsrmarsyl-like a-ansylase ~ to insert the structure into the 
TeriaasyX-liks cf~aniylasa in such a manner tha^ the resulting 
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wrisnt ^termamyl-like ^x-asiylase, &s far as the relevant. |>art is 
coiicemed, resaitjbles the corresponding part of the non~ 
T«rmamyl~Iike sf-amyiase, Wben two or more parts of the 
structure of the pareBt Termarnyl-Iike a-amylase are moaif led so 
s as to resemble the co^'respoadiag parts of the non~TerTnamyX-like 
of-gimyl&se it isi pqssiJEsl© to increase th® re^ssmbisnce to t)ie 
non-^Terrs&tiry^i-iilee «-aJRylas« of tfee Tertsamyl^like OE-atsylaes 
v&iiriarit mid tJxus to altssr thm prcspesrties of saiid variaxJt 4b ths 
direction of thos© of saici non-TsrJsaTsyl-like a-am^la^e. Loop, 
%Q is6dif icatiohs a3s:e discissised i,» much further detsiil further 
beiosif , 

.Typically^ the m©<Sificaitiois to Jbe .perfox«i«d 4n step iii) of the 
method acooaffiiisig to the seophd aapect of the ihv'^atioh i« 

i$ accomplished hy daletijjg one or tsor«! aaiijjo acid residues of the 
part of the TertsamyX-iike oi-^amylase to Hiodifi«sd 30 as to 
ada|5t the structure of said part of the parent or«aisylaB« to the 
cor respond! ncT par-t of the jion-Tej-mamyl-like {s»aTnylase,' by 
replacing one or more amino acid residues of the part of the 

20 termamyl-iike Of-apylaee to be modified with the amino acid 
residuas occupying corf esp<>Miyig positions in the nonrTermamyl ~ 
like <Sf-amyiaae; or by insert ip?i of orie or Siore amino acid 
residises |?rea«nt in the non-'TarTRaniyi-iike a^-amylase into a 
corresponding position in the T<|it»asiyl-'lik» a*-amylase. For tha 

2S method according to the third aspect the modification is to be 
understood analogously, performed on the non-TerTsasKyl - like 
parent o-a?aylase rather than the Xerraamyl - i ike a-aitiyXaae. 

In step ill of the metbosa according to the aecond or third 
38 aspact of the inventioti the part of the structure to be 

identified is preferably one which in the folded enzytne is 
believed to be in contact with the aubstrate (cf the disclos'ure 
above in the section entitled "Substrate-binding site) or 
involved in substrate speoificity aiid/or cleavage pattern, 
3S and/br one which is in contact with one of the calciiats or 
sodium ions and/or one, which is eOntribating to the pK or 
tes^perature profile of the enryme, or one v?hich otherwise, frors^ 
strx:ctural or functional considerations, is cobternpiated to be 
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r«gp0j5ai3»l« for dxff^rsiicea in otm ojr mor^ propsftias of tfee 

Mon ~ T^xmmnyl * i & ~ amyl a.B& 
s The non-Terma?s?yl-iike sf-amyiase with which the comparison is 
in step 1) of th^ m&timd of the second aspect o£ the 
imr^ntioti ksicS 1® tfess p^t^nt a*s.rnyl^st« in tk© method o£ 

th€ feMrd aspect of tlsife iiivientiioii> isay be asiy cs-^assyl^s®^ wMch 
does not belssng to the family of 1?ermamyX^-iik<» ^s~amyXa«es (as 
10 defined above) and, which as a coisaeqiienc^ thereof ^ has a 
different thr«e~diia«nsio»al structure . Furtii«rmore * the noJi- 
Termamyl-like a -amylase shouid be one which h&B, at the time 
that the trjstfeod is performed, an elucidated or contsmplsted 
th*e® ^dimeissional structure , 

IS 

The noja-Termamyl-Iike a»a)i»ylase may, be a fungal sx- 

a^ylase, a majmnaXian or a pl&tkt or-amylase ©r a bacterial 
aTfiylase (diffsrept from st: Terjaamyl-like a-atnylase) , Specific 
examples of such a-amylases include the Msp^srglllus ory^ae TMtA 
2C S-amylase, the A, nigsr scid a'-amylase, the Ba.cii2MS ^u-bcilig 
JSf-^amylasef the porcine pancreatic a'-amylase and a barley a- 
amylase, All of tJteea hm& elucidated structures: 

which are clearly different from the structure &t the Termamyl- 
m« herein. 

*rhe f ung^sl a-amylases Tsentioned abo^'e , i . e , derived f rom ,A , 
nxg&r and a. oryzae, are highly homologous on the amino acid 
l^vel and generally considered to belong to the sams family of 
amylase IS ^ In the preeeist disclosure, this family is tertRed 
3§ **Fungamyi~iike Of-amylase^' and intends to indicate an a-amylase 
which exhibits a high homology, i.e. more than j'Q%^ such as 80% 
homologous (as defined herein) to the fungal a-atnylase derived 
frcTTt Aspei-^illsis; oryM^m^ oommerciaily a%*aiiable &M Fungamyl*, 
and the A< jaiger a- -amylase, 

3S 

From the enclosed xllust rat ions of the csf-amylase struccure of 
a Termsmyl-lilse of-arsylase an4 ® comparison of said structure 
with the structure of a Pungarsyl-like a- amylase it is evident 
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that major dlff ©renews exist b&twesti tha two structures* In the 
method >Df the invention, it is of paarticular interest to rnodify 
parts of the parent TermaiRyl-lxke of-amyiasei which belong to m 
region with M:rg« diff«r«;i^c«s to tte Faftga?Tsyl-l.ike a-atRyls^se, 
s in partiouiar. It is of interest to modify ths parent TsrjRaTstyl- 
lik^ sc-asiyisse in one or ?no3fe of tl>e fdiloti^in# Joops: loop 1* 
ioop 2, loop 3 aucl/or loop 8 of th® parent *s~s!S?yi^se , 

tn the method of tlje third aspect of the invention it is of 
id particular intareat to modify loop 1,, loop 2, loop 3 and/oi' 
ioop 8 of the parent Ron-Tarmamyl-like o'-amyiasa to a closer 
rasaaT!±vlanGe to the similar loops of a Termamyl-iike of-amylaae, 

IS J.ti the ^oXloving^ specif Ic types of variajkits <20;sisr'ifcaid which 
have h&&n <3«ssi^ed by us® of the ss^tkod of th® isxi^ention. 

30 tn ordei* to chisnge th® sub'Str^te specificity of tiie parent 
amyXase to be tnodified it is relsyatit to eoasid^r loop 
mpdif ici^tionjs . For insitass<;e chi^ngrinsf "csne or m0re pt the loop 
etructisres of the Termaimyl- lilted «»»amyl^se into a clpser 
3?«-jSi8etnfolaaee with the corresponding loop structure (s) of a non- 

zs Termamyi-like a-amylase (such as a Funga?syl -like ce-attjylase) it 
is contemplated that it is possible to changa tha substrata 
specificity in the direction of that of th« noh-T^rmatsyl a- 
as^lase. In the following different types of loop modificatio?JS 
of interest are listed:. It will b® wn4erstood that the variant a 

-^«t may have other changed properties in addition to the modified 
substrate specificity. It «111 be understood that the following 
niGdifications identified for a specific Termamyl-like a"aTnylase 
are intended to include correspo:nding moaif icatione in other 
sgulvalent positions of other Termsmyl-like ss-aTKylases. 

SS: Furthermore ^ it: will be understood that> normally, the Is&op 
tjiodificatidn will cotssprise replacement of an entire loop 
structure or a snfestsntial part thereof in, e.g.* the Terma%u- 
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like ^-amylase, with tM correapoMijig Xpo|5 stx^wtqttire (pr 

s In onm etslsodimant £h# in-ventxon relates to a variant of a 
parsnt Tejnaamyi-iika os-atnylase, in %fhich variant at i«ast one 
amino acid residue of tih« parent ss^ajr^i^s^^, which: iig/^rg! 
p3r®#®i3t ±n a f r^tgaient corresponding to t,hm at^isso acid £ragm«ne 
44-57 of th® amino acid sequence of SE© ID IJ6» 4> loop 2, 

0 has b^er. deleted or replaced with one or more amino acid 
residues; which is/are pr«!sent in a fragjj^ent corresporsdlng to 
tfe« amino acid ,fra^«nt 66-84 of the amino acid sequence shown, 
in BEQ 16 Sip- or in which one or more additional amino acid 
rssidiu«s has bsen added usin^ the rsilavant part oM BEQ W |?o. 

5 XO PS? a corresponding part of another Ptrngstmyl-iilce amylase 
as a template. 

The amino acid s«q-uenc« shovn in SEQ ID Ho. 10 is the arrdjio 
acid seq^jence of the ,A, ory.5;ae a- amylase, i.e.> a FungaRvyl-iike 

0 (s-amyla.ae. It will be understood that amino acid residue® or 
iragmants found in corresponding positions in other c»-»amylases, 
in particular iiingamyi-lifee ^-amylases; jsay be used as a 
t^-nplate te th, e«n«rueei6« •»£ ^„u^ ^mmm the 
invention- The corresponding part in o^her homoiogous of- 

s asnylases may easily be identified on the basis of a comparison 
of the amino acid sequences and/or three -dinsensipnal struct ures 
of the respective fs~amylaaea. 

For instanpej the variasit; trsay be one^ which ^ when the assino 
8 acid sequence of the variant is aligned most closely with the 
amino acid ^sequence of the said parent o'-attjyiase, occupies the 
same positiori as the portiori from residue X co residue Y of SEQ 
1X5 Nd 4j the said region having at least 80% such as at least 
90% sequence homology with the part of SSQ ID l?o 10 extending 
s frotn residue 2 to residue V of SSO XD Ho iO, wherein 

5? is the a:mino acid residue decupyiag position 44, 4S, 46, 47 
or 4S of SEs2 ID No. 4 , 



W0 t&'23S?4 



Y is ths amino sei<3 residtie occmpyliig jjosifcion SI , 53 , 53 , M , 
BBf 56 or 5? of SEQ ID Bo, 4, 

Z is the amino acid residue occup-yipg position 66, 67, S8, 6S 
or 78 of SBQ ID BO- 10, and 
s ¥ is t|3?e aiSfixio acid res^id^e qcd^pying positiois 19, ©0, Si, 
S2^ S3 or S4 of SEO ItJ Ho< 10\. 

Iri otiier wdr^iSSj tim vari^int may be o&® in wKiofe an amino acid 
fragment of tfes |?ar«nt amylase, which corresponds to or 
to is within the awixio acid fragmeat 44-57 of SEQ IS Ho, 4, has 
been replacsd with an amino acid frsgjt^ont Z-V, which 
corresponds to or is within .the amino acid fragMsnt 66-84 of 
the i^ttsinci aoid jS(^<3uan!S'® #hown iii SiBO 3S^o> 113,, in B and 

V have the tnaaning indicated above v 

i$ 

A specific axampX® of a T^ariant according to this e«bodim@nt is 
a variant of a parant Tg!5rmaTr,y.I-like a- amylase, in which the 
amino acid fragment of the parent a« amylase, which correspo»ds 
to amino acid raaiduaa 48-51 of SEQ ID Ho, 4, has been replaoad 
20 With an a^^ind acid fragmant corresponding to amino acid 
residues 70"7ii of the aisiino ac;id sequence shos<m in SIQ ID Ho, 

Loop 3 moditic&tioxts ~ lissxted aiteration 

as In another embodiment the invention relates to a variant of a 
paraut Ters5amYi'"^i^® of-amylasa, in which variant at least one 
of tha aminq aeid rasidues of tha parent amylase, which 
la/are present in an aininp acid fragisient cof'i:esponding to the 
amino acid fragtsjent iSS^2a5 of the aminp acid sequence of SEQ 

50 ID Hp. 4, has been deleted or replaced with mm or more of the 
amino acid residues which is/are praseht In an amino acid 
fraqment corresponding to the amino acid fragment 16' 5 -XT? ot 
the .amino acid sequence shown in .SBQ ID No, 10, or in which one 
or more additional amino acid residues has been added using the 

3S relevant part of SBQ ID Ho, is &r a oorrespoading part of 
another Fuagamyl-like amylase as a template. 
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For instajic®, the v&ria«t imy fee oije -ia wM©h aii amino a,cid 
fragment X-Y of the parent o; -amylase which corresponds- to or is 
within the amino acid fr&gmexit 19S-202 ©f SEQ ID Ho. 4, has 
b^an replaced by aa amino acid fragment Z~v, which corresponds 
s %0 or Aa within the amino acid iErafment ISS-I?? of th« amino 
acid seguenca shown in SBO 10 S5© . 10 , in which 

E is an asaino acid residue eot'respohding to ths a«5ino acid 
ocpupyin0 pioaition t^S or xsi of SEQ 13 Mo, 4 , 

Y is an amino acid residue corresponding to the amino acid' 
oecupyins position iS8, 139, 200, 201, or 202 of SEQ m 4, 

Z iB an amiiio acid residue ccrraspondihg to the amino acid 
& pccupyinf position X€$ or i«S of SSQ W Mov 10, and 

¥ is en amino acid residue coriresponding to the amino acid 
occupying poeition i?3, x?4, ITS, 176 or m of SEQ It? Mo. 10, 

20 Escprasaed in another maEtner, the variant according to this 
aspect may he one^ wKichv whan the amiho acid se<^ehce of 
yariaht is aligned most ciosely with the amino acid resilience of 
the aaid parent ^rermsfrsyl-lifea tx-m^l^s^j, occupiea the same 

position as the portion frotfi residua X to rasidue Y of SEp 10 
zs So 4, the said region having at least 80%, such as §0% sequsncs 
homology with the part of SEQ ID No 10 extending from residue 
2 to residue V of. SEQ ID Ho 10, the meaning of K, X.* 2 and V 
baing as identified afeova. 

3S % specif ic aKampie of a variant according to this ©tr^oditnent is 
a variant of a parent Terraaffiyi-like -ot^att^lase in which the 
atRino acid fragment of the parent a- amylase, which corresponds 
to amino acid residues l§S-i58 of SEQ ID No. 4, has been 
replaced with the amino acid fragment corresponding to amino 

3S acid residues 106^X73 of the asiino acid seguence shown in SEQ 
ID NC< IS. 
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Ixi a further e^odimejifc fch® invention srelat^s to a variant of 
a parent Termawyi - lik^ «~stnyiase, in which variant at least one 
of the amino acid residues of tfa@ parent a'~amyias@,- which 
s ia/ar« preaent in a fx-agment corres^ponding to the amino acid 
fragmeafc ll7-is$ of tha atsdno acid sa^enc® of SS0 IB Mo. 4, 
has/hiswe h^i^ft d^lfetecl or raplaced with on© or liaor© of th® amino 
aci<i residtusss, which is/ar« present in an amino acist Sragment 
corresponding to the s??iino acid fragpaent SSrSiO of the amino 
w acid sequence shown in SEQ ID Ho. 10, or in whicjfe one or mox*e 
additional amino acid residues has been added using the 
relevant part of SBO .lt> Ko, 10 or a corresponding part of 
another Fungaisyl-like a-^smyXase as a template. 

For ixistance, the variant laay foe one* in >?hich an amino acid 
fragment X-y of the parent .ofr^amyla^ej Which corresponds to or 
is within the amino acid frasfinent of SEQ ID Jio, 4,. has 

been replaced with aii amino acid fragnsent z~v, which 
corresponds to of ia within the amino acid fragment of 
so the amino acid: sespience shovfn in SSQ ID no. 10, in which 
li^ariant 

% is an amino acid residue corresponding to the Simino acid 
occupying poaitioh 117, ilS, il9> 120 02? 121 of SEO IX> l*lo< 4, 

as 

Y is an amino acid rssidue corresponding to the amino acid 
occupying position 181., 182, 183, 184 or ISS of SEQ ID So. A, 
Z is asi amino acid residue corresponding to the amino acid 
occupying position $8, &9> 100, 101, 102 of SEO X£) Ho. 10, and 

■V is an amino acid resides corresponding to the amino acid, 
occupying pO;Sitip» 207, 208, 2Q§ or 210 of SEQ ID Ho, 10, 

A specific example of a variant according to this embodiment is 
3S a variant of a parent a-smylaae, in which an amino acid 
fragment of the parent Qf-ai?5ylase, which corresponds to amino 
acid re® idsjss 121-181 of $SQ Ip No, 4, has been replaced with 
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ttm ami??© ^ciiS f r@gm«nt ssorresppsding asiino acid residues 
103*206 of the mims ^cik ses^ence shown in SEQ tt> Mo. 10. 

In anotfear gmbodiment th« invention relates to a variant o£ a 
s parent Termamyl-like ^-smylsse , in which variant at least one 
of th® amisp aci<S r«sid«es &t the parent a-smylas®* ^^hich 
is/ar=e |Sj?S8ej?t in a f r&§tne?it corresponding to th« amno acid 
fragment llt^iai of the amino acid a«quence of SEQ ID Ifo. 4, 
has/Jiave b«s^n deleted Or srepl&c^d WitE one or saore of fch® amino 

iO acia residues, which is/are present in an amino acid frafment 
corresponding to the amino acid fragment to 9B-20€ of the 
at?sino acid sequence shown in SEQ ID No- 10, or in which on© or 
mosre additional amino acid reaidues has been added using the 
reieyant fart of SEQ IP IJo- 10 or a correepondin^ part of 

xs ajiother M^ngamyl-Xifce M^Bimflum m a tempXatib* 

For instance, the variant tsay b« one, in which the amino acid 
fragTSent X-Y of the parent o;-as$ylase. n-hicb corresponds to or 
is within the a?aino acid fragment 117-177 if SEQ ID Ko. 4^ 
SO has/have heen replaced with an aadno acid fragment which 
correspoiisis to or is within the amino acid fraqtsent $6-202 of 
the amino acid aeqtienee ahown in BBQ W Jfe? 10, in which 
variant 



SB X is an amino acid residue corresponding to the amino acid 
ing position 117, lis, lis, lao or 121 of BEQ 2D m. 4> 



T iis an ajsind aCid residue corresponding to the amino acid 
occupying position 174, ITS* its or 17? of SEQ ID Ho. 4^ 

30 

t; is an atr»ino acid residue corresponding to the amino acid 
occupyina position 98, BB, lOQ, 101 * 102 of SEQ ID SKb, 10 > and 



V is an an^ino acid residue corresponding to the amino acid 
3S occupying position 13S, 200, 201 or 202 of SEQ ID Ho. 10, 



A Specific exatnple of a variant according to this etsfoodiment of 
the invention is a. variant, in wijich the amino acid fragment of 
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the parent jx~a«jylas'e> wMisli corresponds to amino acid residues 
121.-174 of SSQ ID Ho., 4, lias Jb«®n replaced with the amino acid 
fragment corresponding to arnino acid residues of the 

amino acid sequence shown in S£Q ID Ho. 10. 

s 

In « further e?a3»o*3iissehte the present iii^eation relates tb s 
Wiaht m a perent Tertsassyl-like a-aaR^riese, in wMich wi&nt 
at least on® of the amino acid residues of the parent 8f~ 

5.0 amylase, which is/atre present in an amino acid fragment 
correspondin9[ to the amino acid fragment 12- is of the amino 
acid sequence of SBQ Ho, 4, hass/have been deleted or 
replaced with one or iitora of the aisiho acid residues, which 
is /are praseiit ih eh aisino acid frsgtaent which corresponds to 

IS the amino acid £ragai^nt ;s#-42 of SEQ IB Ho. XO, or in which one 
or more additional amino acid residu®^ has /have bean inserted 
using the rele'v'ant part of SEO ID No. 10 or a corresponding 
part of another Fungamyl -like ef~aT?sylase as a template. 

2s For instance, the %''ariant may be one> in which the amind acid 
f ragment 3£-Y of the; parejit ot -amylase* which corre#ppada to or 
is withih the amino acid fragment 12-13 ot SEQ IS Ho. 4, 
has/have been repieced with an aiiiino acid fragtnent S-v, which 
oprreapdnds to or is within the amino acid fragment 28-42 of 

2$ the amino acid sequehce shovni in SS^O IS) Mq. 10, in which 
variant 

X is an amino acid residue cprrespphding to the amino «cld 
occupying poaition 12, 13 or X4 oi SBQ lt> Ko. 4 , 

Y is an amino acid residue corresponding to the amino acid 
occupying ppsltion IS, 16, 17 > is or IS of SEQ ID iio- 4, 

Z is an amino acid resiane corresponding to the afsrino acid 
3S occupying position 25, 30 , 31 o£ 32 of SEQ ID: m< 10, and 

V: is an amino acid residue corresponding to the amino acid 
occupying position 38, 3«, 43, 41 or 42 of SEQ IS No, 
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A specif ic ^xaTsple of a variant aceording' to this aspect of the 
im^^Ktion is a ■v-ariant ^ isx which tK® araiiio aetd trag?8e^t of th© 
parent jx~aJ8yI&8« , which corresponds to amino acid residues 14- 
IS of SBQ- Iti Mo< 4, has been replaced with the amino acid 
5 fragmsat corrasponding to amino acid residues 32 -38 of the 
md^ acid ^equ^nce shown in SEQ W No- 2.0 , 

li&op 1 isddijficatiosis ~ ccsipligfie looj? 

tn a farther smtoodiment the intrention ir^iates to a y^riaht of 
IS a parent TertRamyl-like is-amyla:^©, in which variaut at least om® 
of the amino acid reaiduea of the parent a-~amylase,- which is 
present in a fragment eorraspondinq to asuno acid residues 7-23 
of the amino acid :^equanca of SBQ ID .Ho, has/have bean 
d«l®t^<3 or replaced utit^h, one or ^re iamino acid residueis, which 
is if /^re isr^-f ent in an aaiino ;scid f rasp^nt correspohdihg to amino 
acid residues 13-45 of the airsiho acid ^sequence shown in SEQ ID 
Bo . 10, or in which one or mor«a additional amino acid residues 
has/have been inserted using the relevant part of SEQ XS ISo, 10 
or a eorrespoading part of another Fnnfasryl-lik® ds-atnylase as 
so a template V 

Fdr instance, the v-ariant stay be ona* in which tha amino acid 
fragiaeat 3£-'Y of the parent ^sf-amyiase, whic|j cbrjfesponds to or 
is within the amino acid frassteht 7-23 of ^EO ID No< 4^ 
2s has/have been replaced with an amino acid fragment Z-V, which 
corresponds to or is within the amino acid fragn^ent 13-45 of 
the amino acid sequence shown in SBQ ID Bo. 10, in whioh 
variant 

30 K is aa amino acid reaidue corresponding to the amino acid 
occ\jpying positiph 7 or S of SEQ ID Ho,; 4, 

Y is an amino acid residne cbirresponding to the amino acid 
occupying position IB, 19, M, 21, 22 or 23 of SEQ ID Ho, 4, 

Z is &n amino acid residue corresponding to the amino acid 
occupying position 13 or 14 of SEQ ID KOo 10, and 
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V Is an amine aoid r<s8idu« corresponding to the amino acid 
occ\ipying position 40, 41 , 42, 43, 44 or fS of SEQ ID Wo, 10. 

A Bpe<si£iQ V^riaafe aecoir^liii; ts> this ®!#jp<Sim«nt 1^ one, in 
s which fcfe© attiiu® iscid SrstgtRient; Sih© pax^tit. of-STnyl^s©^, which 

m^n replaced mmx the min& acid fragmssit oorrespoMirig to 
amino acid residues i4~4Q of th^ amino acid sequence shovm in 
SEQ ID MO. 10. 

io 

1*001? § modi £ lea ti&ns 

lis a f"uffebi©r etabodip^nt tlie iisv^istioji delates Slo a vasri-^fit; of 
a parent Temaisyl-ilke «-asnylase. in which \fariant at lea^t one 
ot the aaiino acid residues of ths parent c^-amyla^e, which is 

X5 present in a fragment cmX!&Bpoxiditig to amino acid residues 322- 
M€ of. the amino acid sequence of SEQ ID No. 2, has /.have been 
deleted or replaced with on« or more amino acid residues, which 
Is/ are present In an amino acid f ragw^nt corresponding to amino 
acid residue^ S91-313 of the amino acid seqii^iice sKoWn in 3EQ 

20 IP Ho. 10 J or in which one or nKsre additional amino acid 
rasidMses h^s/hm^ been inseftied wsing the relevant part of SBO 
ID po . 16 or a correspondij^gr part of another Fungamy^l- like a- 
amylassi as a tempiate . 

^& Eor instancef the variant may be one, in which the amino acid 
fragment X^Y of the parent isr-amyXase, which correspoisds to or 
ia within the ataino acid fragment 322-346 of SSQ ID Ho. 
has/have been replaced witii an amino acid fra^ent Z-v, which 
corr«spo)ade to or la withih the amino acid fragment 2S1-313 of 

^0 the amino acid seguence ehosm in SSQ Id Mo, 10, in which 
variant 

X is an amirso acid residue corresfpondlng to the amino acid 
occu|>ylng position 32Sv 323, 324 oi SEQ ID Mo. 2, 

Y is an amino acid residue corrfespGading to the amino acid 
OSCWpying position 343, 344, 34S or 34g of S£Q ID He. 2, 
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Z is an atnimo acitJ residue coxi'^&ponding to the amiao scid 
occupying isosit ion 291, 2f3 or 294 of SSQ IB fo, iq, ajid 

¥ is an amino acid rssidiie correspoading tcf th« amino acid 
s occupying ppsitloa 310. 311, 312 or 313 of SEQ ID Ho, 10. 

A upe&iiic ^rariasit aeeordiisg to this afpect of the ahverition 
oiiSv its whs^ch the amiBO acid fragment of the parent a'-amyla^s, 
i??hich correspoaeia! to amino MCiM t^^idue& 325*345 of SBQ D Wo , 
10 2; has bssen replaced with the aTsino acid f ragtnej^t corresponding 
to amiao acid residues 294«-313 of th« amisio acid ®«gtE«iice ^Isowsj 
in sm IS Mo . 10 , 

IS It is highly dsisiratbie to hm ai>le to decrease the Ca'* 
depehdency of « TerntaimyX-Xike of-amylase, Aocordinfiy, in a 
further aspect the imfenticn relates to a variajst of a parent 
Ter»amyl-like «sf-amyla«e, which exhibits c?-amylase actiyity and 
which has a decreased Ca** dependency as compared to the parent 

20 e-amyXa®e. Ths decreased Ca*" dependency has the functional 
result that the y^riant exhiMts ist satisfactory aTiyloiytic 
activity in the pr^ssnc^ o£ a lower cdhcentration of caiciuta 
Ion in the extranediB^ medium thah im necessary for the parent 
anssyme and, for example, therefore is lass sensitive than the 

m parent to calcium ion~depleting conditions stich as thoaa 
obtained in media containing caicium-co?!5piaxing , agents CsMch as 
certain detergent buildera) . 

the decrsased Ca** dependency of the variant of the invention 
38 Tiay advantageously achieved by increasihgr the Ca-* binding 
aff inity of the parent TermatRyX-like a-a^iRylase, in other words 
the ^3t.ronger the Ca** binding of the enxyme^ the lower is the 
Ca*^ depenslency . 

55 It is presently believed that amino acid .residues located 
within lok from a sodium or calcium ion are inyoived in or are 
of isi?portance tot the Cs^' binding capahili ty of the enswie , 
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Accordingly J the varisat according to this aspect of fehs 
inveiitioK is pr©:f«rafaly on^, wMch has been modified in on® or 
iKor© amino acid r&aidues preseTit within loA from a calcium 
and/or sodium ion ifeiitif led ia the three-dimensional Teririarayl" 
s iike a-amylas« sffcaructufe In stich a meiaa^r tliat th« af f iait:^' of 
ths ar-atsylase tot ceticiuJis is incrssased. 

The a?55xno acid residnies Sound within a diistaiice of loA from the 
binding sites of the Xicheniiormis a'-amylasa %'ith the 
10 asalno acid sequence SBQ ID SO 2 we.r© determined aa denser ibed in 
Ssearsjpla 2 ansi are as follosfss 
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Y193, 
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D20-4 , 


H205:, 


mm, 
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D231 , 


A232, 


¥233, 


IC234 , 


H23S, 


I23S,- 


K237, 


?238, 
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G3D0, 










E3 0 5 J 


OSS, 


L307,, 




F343, 


1,34 g, 


28 Q3S3, 






H40S, 




D4G7 j 


1408, 


V40S, 


R4X3> 


B414, 










A42Q, 


M4ax, 


S^S2, 


B^23, 


L4a4, 


1428, 




D430, 


G431 , 




V44D, 


(3441, 


H442. 


Q443, 


N444, 


M4S, 




E447, 


T44S, 


m49^ 


I4f2, 


<|4?S, Y4aO> mMlr 0482, R4S3. 



as In order to construct a variant according to this- aspect, of the 
irvvention it ia desirable to replace at least one of the aijove 
mentioned aTainb acid residuais {or ari a?nino acid residua 
oecupying m equivalent pos^itlon in another Termatnyl-like <s- 
atfiylass than that defined by SEQ 10 m 2), mich is 

m coKteiT^iated to be involved in providing a non-optimal calciuE?^ 
binding, with any other amino acid residue which improves the 
Ca^- binding affinity of the variant easyiss - In practice., the 
identification and subsegwent modification of the amino acid 
residue is pertortsed by the following method: 

il identifying an atainc acid residue within loA f rdm ^ Ca^' 
bidding site of ® Termamyi-like &-amyiase atructure, whish £rom 
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structural or fimctioRaX consM&rations is believsd t:o be 
r&^po»sibi« for a nQn-Qpti?nal calci^jm i<3n iafeerscctiosi, 

ii) co»structiug a variant in wMch said amino acM residue i^ 
§ Sregfl-aced with ^jsofcher assino acici rfesidtie wisich from structural 
or fimctional cotisideratlons i« feeiieif^d to b« iiaporfeant for 
eatablisHiixg & Mgfeer Cs^^ binding affia and t^Btimg tba Ca^* 
de^ndency of tha requiting Tenaam^fX-lilc® Qf-as!jylas« mriant. 

10 In the present context, tfe® term "non-optimal calcium ion 
interaction" is intended to irsdicate that the amino acid 
residiie in guestiors is selected on the basis of a presumption 
that substituting said amino a<2id residue for another may 
iajprove a calciucj ion Mndiisg isateraction of the ensyme. For 

xs instance, the assise acidi re^ in i^mBtiQu imy B^l'^ct&d on 
the h^pi0 of one or mor« of the foiiowiag cbn^MeratidiiS ; 

- to obtain an improved interaction between a calcium ion and 
an stpijso acid rssidu^ located near to th^ surface of the ©nzyma 

20 (as identified from the structure of tlxe Tferrsassyl-like a- 
amyXase) . For instance^ if the asnino acid reeidme in guesticn 
is expda«d to a siirroundiag golv<ent, it laay be advantageous to 
imcreaes the ahlelding of said asitino acid residue frcm the 
solvent so as to provide fbr a ^^trdniiger interaction between 

2S said amino acid rssidxse and a calciut?j ion. This can be achieved 
by .-replacing said residue Cor an amino acid residue in the 
yicinity of said reaidue contributing to the shielding) by an 
iittiino acid residue yrhieh is msr& bulfey or otherwise results in 
an improved shielding effect. 

- to Stabilise a calcium feinding sit^, for instance by 
stabilizing the structure- of the Tej^masjy 1 - like a --amylase (e.g. 
by stabilizing the contacts between the A, B and C domains or 
stabiliising one or more of the dossains as such} , This may, 
e.g., be aehieyed by providing for a batter ccordination to 
amino acid side chains, which may, e.g,, he obtained by 
replacing an H residue with a d; residue and/or a Q residue with 
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an E residue (e.g* N104B) , e<g. within IG^, and |>ref«rably 
mfcMis 3 or of ^ caXciujn binding ^ite, 

- to protect the calcluss Jbiinling site or to iTsprove the 
s coordinstio© be.few««ji- th« salci^im ion ^nd the calcium binding 
slt§, «,g, by promdiBg a stronger interaction tes^i^®<sa th<s ion 
and tb© foinsiing siite . 

Before actually construct ing a Termamyl-like a-.a«Kjri«8e "V^ariant^ 
18 according to the abov« principles it may b« convenient to 
evaluate the contempXsted amino acid modification by its 
accomjnQdation into tfae TermajsyX-like ff~smylase structure, 
into a «5oci«i structure of th® parent fexpamyX-lik« o-amylase- 

15 Preferably, ths amino acid residue to fe« ssKsdified is located 
within 8 A of a Ca'** binding «ite residue, ssuch aa withiii sA of 
auch residue. The amino acid residues within bA and sA, 
respectively, may easily be identified by an analogous method: 
used for identifying amino acid reaidues within icA Ccf,. 

2 S3 Sscasapie 2 } , 

The following mutation is contesiplate^ td be pt particular 
interest with resFect to decreasing the ea*^ dependancy of a 
Termamyl-like c?~amylase: 
2S H104D (of the S, lici3«iiiformi« a-amylase SEQ ID MO 3, or an 
eg«ivaient to mutation of an equivalent position in 
anothsr Termamyi-like ffi~amyiase.) 

in constectioh with substitutiona of relewnce for Ca*' 
,38 dependancy, some ot^i^r substitutions appear to h6 of importance 
in atabiliring the ensyme conformation (for instance the 
Domains A^B and/or Domins A-C interactions contributing to t;he 
overall stabxlit,y of the enzyme) in that they may, e,g., 
enhance the strength ©f binding or retention of calcium ion or 
$$ sbditim ion at or within a ealeiu?n or sbdiutrs binding sit6:, 
respectively f v^ithin the parent Termatriyl-like s^- amylase. 
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It is desirable to stabillss th^ C-domaisR ijci oriSjer to Ijicrease 
the calci«tR stability and/or thermostability of the ©n-Kyme. in 
t-Ms connection tfe« stabilization may r«gult in a stabilization 
of the bimding of calciism by the eagyme , and an ii?>proved 
5 Gostact between: the C-aomaiji and thm A~domain (cf importance 
f<sr thersipstabilitj?') , 1?be latter vmy be a«;:ii®v^ed by 
iatrodtiction ot cystein Isridf^s, salt bridg^ig ox- imcreaa® 
hy^OQ^n, hyilrpphobic snd/or electrostatic interaction's. 

10 For instance, the C~aomain of th« B. licheniformiB a-mylmsm 
having the amino acid sesjuencs shown in SSQ ID No. 2 may be 
Stabilised by introduction of a cystein bridge between dojsaijj 
A ahd dosjain C( e^g, by introducing of the following mutations: 

IS 

h salt bridge may be obtained by iafcroductlon of the following 
mutations c 
S4S7D,E 
M4S7D,E-t-IC385R 
20 F3SOX>^E*I430R,,K 

Th^ caicim Site of remain C nsay be stabiXisi&d by re^^ the 
amino acid residues H4 08 and/or G3 03 with any other amino acid 
2s residue. Of particular interest is the lolipvihg mutations : 

H4QSQ,:E,H,D and/or G303N,I>.Q,E 

■which are .contemplated to provide a teefcter calcium binding or 
protection from csicinm depletion* 

30 Similar mutatione may be int3?oduced in eqniyalent positions of 
other Tet^arsyl-liltee af-^myiases. 

Other substitution mutations (relative to iicfteniforwis 
O!- amylase, SEQ ID Ko. 2} which appear to be of importance, 
55 inter aiia, in the context of reducing calcium dependency 
include the following: miK, HISSY, AIBIT, PaQBV and mim lor 
equivalent mutations in equivalent positiohs in another 
Termansyi-like a-amylase) . Substitutions of R2i4 and with 
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Other amiso acids laas^ also b« of i^pQrtanc<sn in this 
connection, 

;^;|._yity at higher £lo w egr p H 

It is coSite^ia:t«;<l t&at it pbssibi® t© change pH ©ptima 
of a TerTRaas^l-^iik^ ce-atnyia^S! or the ^nx^atic activity at a 
^ivea pM by o&^Jiging fclss pKm of the active site residues , This 
may foe achieved, e.g. hy changing the electrostatic interaction 
tc or hydrophobic interaction between functional groups: of amino 
acid side chai»a of the amino acid residue to be modified and 
of ita cXoae aursroundinga , This may, be accomplished by 

ths f oi lowing tnethod; 

IS i) in a structure of the Termatayl-liKe Of~amyia^e in <p;eetion to 
identifying m% amijio acid residue within isA from an aoti-ve 
site residue, in particnlular lok from an active site residue, 
which amino acid residue; is cont«mplat«id to be involved in 
electrostatic or hydrophobic interactions with an active site 

jas residue, 

ii) replacing^ in the j^tructiure, said amino acid residue with 
ail amino acid reaidue which changes the electrostatic and/or 
hydrophobic surrotmdings of an active site residue snd 

25 evalijating the accosaodation of the amino acid residue in the 
strnctura, 

iii) optionally repeating step H an^/br ii) tintil an aasino 
acid replacement has been identified which is accqmodsted into 

20 the structure, 

iv; constructing a Termamyl -like »-amyiase variant, resulting 
from steps i) , ii) and optionally iii) and testing the pH 
dependent en^yrRatic activity of interest of said variant. 

in the above method it may be of particular relevance to add a 
positively charged residue within sA of a glutatnate itherefey 
XDwering the pEs of the glucamate from abeut 4.B to 4), tr tc 
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add a osgatively cfeargsd resiaue within S A ??f a flut:«t® 
I thereby increasiisg the pKa to about 5}, or to make similar 
n><S£lif ic^tion^ witkiB a distance of about of a Histidine. 

5 Ih a furtli«r aspect tkm invention relates to a variant of a 
Termaisyl • iika a~amylase ^hich ;®3«diiibi,ts ^ iiigfasr activity at a 
IsM'^T pM (e.g, cci!n|>ara<3 to the pH pptlmum) thmn tiie parent a»> 
amylase. In particular ^ the variant c<sa^rlsaj^ a mutation of ajn 
amino acid rasidue corresponding to at Issst one of tM 
is following positions ot tM B, Mchmi£&rmlB a-amyla^e fSEO JP 
NO 2 ) : 

S336* 1236, Aa32, IiS3, LXSS 

The following 8nit;ations «ra of partiGtilar interest: 

P3aiR,K 

2S or any cottibinatioTj of two or mors of these variants or any 
combination of one or more of tisase variants with asy of the 
dthar variants discloaad herein. 

in a still further aspect the invantipxl x^lmen to a variant of 
3S ® TermaBiyl^iike os-aTaylasfa which haf a higher activity at a 
higher pH than the parent ;df» amylase. In. particular, the variant 
comprises a mutation of an amino acid residue corresponding to 
at least one of the following positions of the B, i icheiiif orTni^s 
i5!~®s^yXase iSEQ ID MO 2) : 

35 

JiSiSSf H2S1 ^ ^2"? 3 
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IJ3 particular * thst variant cos^risee a mutation corresponding 
to at least osie of the foXlQwing mutations of the B. 
liaimxxMoxitiiB s^-amylase CSSQ ID BO 2) t 

¥273F,W 

or any combination of two pr n^ors of th^se variants or asy 
10 combination cf ou<s: or mor:^ of these variants with any of 
th® other Yariamts disclosesl h«reiri. 

A mutatioti which appears to be isaisortancs la relation to the 
specific activity of v&riaftts of the invention is a ^tsutatios 
IS corresponding to the substitution S187D in; B. licisejsijformis a- 
aTsyiase CaEQ 10 110 2) . 

increas ed t h^ymjast^ H iLY. MiMSSt X 
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in a further desired aspect the invention relates to a variant 
i£>f a parent TensaTsyl-aiks (S-atsylas®, which yaxiant is the 
rasiult of one or ssore amino acid -jre^idii^i? having been deleted 
from* replacsd or added: to the parent «~aRtylas:e so as to obtain 
2S an inoreased thentsoststbiiity of ths variant. 

The TerTuas?iyl-lik« ^-amylase; structure contains a number of 
unique intarnal hole^, whioh taay contain water, and a miJRber of 
crevices, in oi'der to inorease the therrepstabili^ the «r~ 

30 atnyla&e it may be. desirable to reduce the nutnber of holes and 
crevices v or reduce the size of the holes or crevices) . e -g. by 
introducina one or more hydrophobic contacts, preferably 
achieved by introducing bulkier residiies, in the vicinity or 
surroundings of the hol&. &r instance, the a^sino acxd residues 

3S to he tnodif ied are those which are involved in the forst^ation of 
the hole. 
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Accorclliigly* isx a ftsrfiiier aspect th« present invention relates 
to s metbod of increasiTig the thermostability ansi/or altering 
the tempex-ature optimums of a parent Tertnmmyl-like ia-amyXasef 
wfeicn si^ethod comprises 

i) ideritifying aii intieiaal hpl& ot s cr^yice of th® parent 
Te^rsiaiaj^i^Xike es^aiRyXa:^© iii the: thr«S'^diim®risioasl structure of 
said df^assylass^ 

10 iiJ replacing, in the structure, one or more ami-no acid 
residues in the neighbourhood of the hole or crevice identified 
in i) with another amino acid residue which from structural or 
functional considerations is Jbelieyed to lacrea^e the 
hydrophobic interaction and to fill out or reduce th® si^^s of 

IS tihe hole or crevice, 

iii) constifucting a Terttsssiyl- likes ^-atriylase variant resulting 
fro?B 3tep iii and testing the thermosta&'ility and/br 
temperature optiasum of the variant . 

20 The structure used for identifying the hole or crevice of the 
parent T^rmamyl'-like a-aTnylase laay: be the structure identified 
in Appendix l or a isodel structure of the parent Tertnatnyl-llke 
0!-^ti^yla®e built thereon. 

2S It will be understood that the hole or crevice is identif ied by 
the amino acid residues surrounding the hoXe/crevice, and that 
modification of said amino acid £-esiduea are of importance for 
filXin^ or reducing the si^e of the hole/crevice . "She 
particular assino acid reaidnes referred to belo^^ are those 

3S which in crystal structure have been found to fla?:^k the 
holevferevice in Question. 

In order to fill \ cosfsplerely or partly) a major hole located 
between domain A and B, mutation to any other amino acid 
35 residue of an amino acid re:^idna corresponding to one or more 
of the folXowing residues of the B\ iic^eniformis or- amylase 
{$BQ ID IfO 2) is contsitsplatedc 
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Of particular int&tmat Ib a amfeatSiCiti to a pore bulky amino acid 
thiaii tita amino aci<3 rasidue of tbe parent ^n^^'is^v 

Of particular interest is a variant of a Terms^yl-liXe <:^~ 
10 amylase which compx"iaes a tsutstion corraspondinq to the 
followi»g mutations (usijig thi8 ttus^arijjg of B. licMhMomis (x- 

myimB {seq id j^o a) $ 

IS ¥S2W; 

IC106R, F , W? 
G14SF,W 

28 SiSi rsplacied witfe assV" ot|i«r amino acid residue and in 
isareicular with F^^;i or l#; 

TX50S,K; 
F143W; and/ or 

In prii«r to f ill a JioI« in the Vioinity of the 
mutation to any otfe«r amino acid residua of an amino acid 
reaidue correaponding to on« or moT& oi tMe following rasidues 
30 of tfea B. Iich&nif0£m3.s 4;~amyla#e (SEQ IS H© 2) is 
contetriplatfd; 

Qf intaraat ia a mutatiori to a more bulky sjnino acid r^asi due . 
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Of |>artic«3,sf int^rssfc is a Viariant of a T^rsssm^fl-lik® 
affiylase whtcb cssmpsrises a xautatiorx corresponding to one or mors 
of th& foiiowiug mutatiorss isi lichenifarmls a-^myiaset 

s L241I,P,Y,W} aad/or 

In order to fill a hole in fche vxcli^ity of the «eti"V*« #it^ 
mutation fed any other assiiso mcid residua of an amino acid 
iiiO residue correspoBdiag to or^e or more of the following residues 
o£ the B. lichmi£omi0 <s:»^ainylase (SEQ ID 2) is 

W> \'259, F284 

x§ of iiafc^rest is a lautation to a more bulky atnino «cid r«sidu^ > 

Of particular iat&rest la a v-ariarit of a f ^rmamj^l ~ like ^« 
amylase which comprises a mutation correaponding to one or more 
of tha foilowixig Rmtations in th^ lich^ni formic a^atrsyiase! 

F284W 

25 In ord<sr to fill a hole in the vicinity of the active site 
mutation to any other aaiino acid residue of an amino acid 
rsaidue corresponding tO: one or more o£ the following residues 
of th« B. Xich^niiotmis CK-amylase iSEQ ID 810 2} is 
con t empl a t e<i: t 

F3S:o, F343 

Of interest is a mutation to & more bulky arai no acid residue. 

3S Of particular interest is a variant of a fermamyi-like a- 
amylase which comprises a mutation corresponding to on& or mors 
of the following mutations in the lichm.i formic »-amyla^e ; 
F350W 
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F343W 

In order to fill a hole in tha vicinity of the active site 
«iUt&tion to kt^Y oph^x amino ^ci4 residu© of an amino acid 
5 raisidufe corresponding to one or more of tU^ following rsssi<^u®s 
of the Itehmi^ami^ a-a.mylm iBEQ m m 2} is 

L427, 

0f interest is a mutation to a mors bulky amino acid residue, 

Of particular isstersst is a yariant 0i a Tsrmamyl-lxk® sa;- 
araylaas wM oh comprises a mutations corresponding to pne or isore 
XB of. til® followingr Tnutations in the B, ISchenifQrmi^ ^-rniflasm 

¥481 i X , L, W 

witfo an ..altered cleavagre p attern 
in the starch liquefaction proci&ss it is deairaijle to use an <x~ 
amylase vv'hich is capable of dagrading the starch TRplecules into 
long branc^^ed oiigo saccharides {like, e.g. the Fun^^ssyl- like 
■amylases) rather than shorter branched oiigo ^saccharides 

2S {like conventional Tart55a.myi~iika a^smyl^sesi . The resulting 
very small foranched oligoaaccbarides (panose precursor s) cannot 
be hydr<SlysE:ed ^rop^rly fay piillulsjjaseis, which in the 
lii^etactiori process are usesS after the a^-amyia^as and he fore 
the asnyloglvicosidastes . 'Thus ,, ih the presehce of panose 

so precursors tha action of smylo-glucoamylase ends up with s high 
dearee of the small branched limiting-dextrin, the 
trisaccharide panose. The presence of panose lo%v'ers the sac- 
charif ication yield aigrdficantly and is thys undesirable:. 

3$ Thue, one aim of the present irAyention le to change the 
degrasdation character is tics of a Termamyl-llka «~arnylase to 
that: of a Fungamyi-like a - amylases without at the same time 
reducing the ther?sostability cf the TermaT^yl-like ^-amylase. 
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Accordingly, isi a fujrtij^f aspect th« Inveaticsn relatsss to a 
vamant of at Terjaaniyl^llke «-amyla^e whick has a reduced 
ability to ciea'v^e a 0afost;r®t« clos« to the brajjchiiig point, 

5 Tlie variant may suitably be constructed by a jnetliod which 

i) ideistif^ing tjte® substarat® binding area of the parsint 
Tersiamyi^iika sr'-atisyiassi ia a modal of tba tlire^-dim^b^ionai 

18 stsf^ctusra of a«i4 Sf-aJsylase, te.g. within a sphere of 4A from 
the si;ib§trat6 binding site (as d«fiirtad in the seiStlor* aboye 
«isitit:l<^<2 "Substrate Binsiing Site'*), 

ii) replacing, ia the model, one or inore amino acid residues of 
iS the substrate binding area of the «lef t identif ied in i5 ^ whieh 

is/ere believed to be reaponeibie tot the cXeav-age pattern of 
the parent e^-amylaae, with another amino acid residue which 
fi?ofi! struct^fal cons ideret ions is JselieV'ed to result in an 
altered s^abatrat€; cleavage pattern, or deleting oita or more 
?». assino acid residue® of the substrate binding area CGntemplated 
to ihtroduce favourable Intasractions to the s^sbstrate or adding 
one or more amino acid residues to the aubstrats binding area 
contemplated to introduce favourable interactiona to the 
subatrate, end 

as iii) coni^tructiug a Tertnamyl-like t»»atnylase veriaht resulting 
f ro» ste^ ii) and testing the substrate cleavage isatfcern o| the 
variant . 

Of particular interest ±s a variant which cleaves an 
50 amylopeetin sitbstratai from the reducing end^ more than one 
glucose unit from the biranching poiritf prssf erabiy more thap two 
or three glucose unita from th« branching point, i.e. at a 
further distance from the branching point than th^t dbtain^d by 
use of a wild type Jicheniformis sf- amy las a. 

Residues of particular interast in coxmection with this aspect 
of the invention Oorraspond to the fbllov^ing reaidues of the S, 
lichsni^o^^is ^-amylase (SSQ IS 2) r ¥51, ms, YBS, 
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and the variaafes accordiag^ to this aspect preferably 
QOtcpTXS&s a mtatatipn in ope or more of these rasi<3u©s. 

In particiiiar, the variant comprises at laaat one of the 
s following mutations, whicfe are exi^ected to prevent oleavage 
Cios€; to the branching point j 

Q333W 

G57&11 possible amino acid residue:^ 

MSamino acid rasidues larger thari A, e.g. AS2^/Y,L, F, X . 
^'ari ant s. of ■■■ A . f un aaX a' - ^^yI^ .^^ 




in a stiil further ©irtboditn^rst the inv^ehtion relates to a 
variajit of a parent Fungamyl-like sf-amylase, in which variant 
at l«ast one of the amino acid residues of the parsnt Si~ 

20 amylases which is/are present in en amino acid fragTnant 
corresponding to amino acid residues 291-313 of the amino acid 
saquaace of SEQ m m, iO, has/hay^ heeii deletfd or replaced 
with one or tsore of tbe amiap acid aresidttee, whisjh i^/are 
present in an mirio acid fragment eorrespohding to atrdno acid 

as reeiduas 38-^210 of the amino acid sequence shovh in SBQ IS No, 
4,, or in which one or laore additional amino acid residues 
has /have been inserted using the relevant part of SEQ ID JJo., 4 
or a corresponding part of another Tsr^amyl-like ot-siisylase as 
a teinpiate. 



For instance, thfe variant may h^ one, in which the amino acid 
fragment X-t of the parent a?- amylase, which corresponds to or 
is: within the amino acid fragment 117-185 of SEQ ID No. 10, 
has/have been replaced with an amino acid fragment Z-V, which 
33 corresponds to or is within the asiino acid fragment 3B~21Q of 
the amino acid sequence shown in SEQ Xt) Mo . 4 , in which variant 
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X is an amino acid rasi<lu® correspons^ing to th« amino aeid 
occupying position 3.17^ lis, 119 * X20 or 121 of SEQ ID iSfsli?, 40, 

Y is an amino acid resid-u« corresponding to the amino acid 
s occupying position XSl, 182 ^ 183, 184 or 18S of S&Q ID No. 10, 

£ is an amino acid resas.dtje corresponcling to tite© a,?Rino acid 
occta|>ying position $8,: S9>: 100, 101 os:- liSS of SEQ ID Ho, 4, a»d 

xs ^ is an amino acid tpsx^xm corrissiponding to the amino acid 
occupying position 20 2Qf, 20^5 , 2S& or aiO of SBO XP 4 < 

A specific example of a variant according to this aspect of tlie 
invention i$ one, in which the amino acid fragfa»»t of the 
IS parent a-ajijyiasie, whioh correspond^ to amino acid r^sidue^ 121- 
ISl of SEQ XD Ho, 10> has beesj replac^sd with the amino acid 
frapnent corrasponding to amino aOid r^assidues 102 -206 ot the 
amino acid Be<^«hce ahoi*^ in SEQ IP No. 4 . 

20 Another example of a variant according to this v^spect of the 
invention is on«, in whioh the a5y,ino acid frag?3ent of the 
parent eeatnylase, which corresponds to amino aOid residues 121 - 
174 of SBO IB J3o- 10 f has heen rapX&Ged with th« amino acid 
fragment corr&epohding to atsiho acid raaid^sfea 102-19$ of the 

is amino acid sequenca shown in SBQ ID Ho. 4. 

In a further embodiment the invention relates to a variant of 
a parent Fungamyi-like amylase, in which an .amino acid 
fragment corresponding to amino acia: residties ISX-IS^ of the 
m amino acid se*?aenc© shovfn in SEQ XD^o, lO has be^h deleted. 

genera^ljtm^^ itx.. ^^x i.mKM ^^ t the ias m Sim 

It m&y be preferred that the variant of the invention or 
35 prepared in accordance with the .method of the invention 
comprises one or more modifications in adcition to those 
outlined above. Thus, it may be advantageous that one or tnore 
proline residues present in the part of th^ a- amylase variant 



h^-ving asodifie^S is/are r«:pXac€!d witli a ndn«prolis5<^ residue 
wMch may be any csf the pdssibie, nattirally occurring aon- 
proline residues, and ^v-hich preferably is as alanine, glycine, 
sexrinef thraoiiine:, valiRa or leucine. 

s 

&aslogovi8ly, it may be prisfigrr^ia that ona or more cysteine 
residusis piresent ih th^e aininp ^cid r^sidtses with whicii tHe 
paarent df-arsylase is modified are replaced witli a nojs -cysteine 
residues^uch ajs serine j ^Xaniise, tlsreoriine, glycine, valine or 
io leucine. 

Furthermore , the variant of the invention may either as tfie 
only modification or in comteination with any of the above 
outlined sipdifications be iraodified &o that one or more Asp 

is ajEid/or <SXu present in an amino acid fragssent correeppndinf to 
the amino ^icid :£ragment Xg$-20& of Bm XD Ho> 8 M replaced by 
an i^sn etnd/or Gln^ respeotlvely. &ls© of int«K'eet is the 
modification of one cr more of the Lys reaidues present in the 
Ters\amyl-like a~ amylase is replaced by aj- ,\rg present in an 

as amino acid fragn^ent correeponding to Che amino acid fragmejit 
18:5-a&0 Of SES IP Ko, S is replaced fey an Abu and/ or QXn, 
respectively . 

It will be understood that in accordance with the present 
;2s invention variants may be prepared which, carry two or saora of 
the above outlined modifications . For instance, variants may be 
prepared which compriaea a modification in the loop i and loop 
2 region, a taodif ic:S:eio?i in loop 2 and litnited loop 3, a 
Taodification in loop i, loop 2, loop 3 and loop 8, etc.^ 

Furtherfftpre, it may be advantageous to introduce point- 
tnutations: In any of the variants described herein. 

Me t hods of pr epar i no & ~ am y 1 a:^ e var lan t s 
3S Several methods for ihtrodncing mutations into genes are knowri 
in the art. After a brief discusaion of the cloning of a- 
a»ylase--eneodinfl sequences ^ methods for generating 
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mtit&tlo^s at specific sites wifcJixn tlit® <ar^aj!tiylSts«£*ie;nc©4ijsg 
sequence Will foe <3iscijssj®4 . 

s The DMA sequence encoding a parent is -amylase may be isolated 
from any csi'l or mlcroorgaKijsm producirtg the ssi- amylase In 
qtiestioFi, using various meithode well loiovm in th^^ art . First , 
a genomic ^ii^/ot cIMA librax^ sEouid fee coji^trtiqt^d using 
cterppososnal DJII^ cr m«sse$iger HlSfA frotn the tsr^anism. that pro- 

x& dticss the s-amyla.se to be sttsdit^d* ffe#ti, if tiie ataino acid 
®eg!.jence of th« ot-axaylaae is knovm, bomelogous, labelled oli- 
gonucleotide probes may be synthe0i;sed and us^d to identify 
amylase- encoding clones from a gePAmlc library pT<&psixed from 
the organism in gu-estion. Alternatively, a labelled oligdnu- 

IS cleotide probe coatainiiig ae<3tt^iac®a homologous to a knowft ex- 
amylase gene couid be used as a prtjbs; to idesstif y e^-aisyXas^-en^ 
codiijg cXcshes, ming: hyfos'idi nation aad washing conditions of 
lowet: stringency, 

20 Yet another nvethod for identifying is- amylase -^ncDding clones 
would involve inserting fragisents of genoisic DNA into an ex~ 
presaion vecfeor> sussk as a plastaid, traneforming a- amylase"- 
negativie bacteria with the resKsl ting genomic JMA library, and 
ti^^n plating jfcbs transfoiisseS bacteria psito agar oontaining a 

2S sufostrate for a-amylase, the^reby allowing eionas expreesing th^ 
Qt-amyiase tp fofe identified^ 

Alternatively, the DMA sequence encoding the enzyme may be 
prepared synthetically by festafolisMd staiidard methods,, e.g. 
35 tfee phosphoroamidite method; described fey S.l*. Beaucage and f^-H^ 
Caruthers (XSSl) or the jsethod descrifoed by Hstthes et al, 
Cl§84) . In the phpsphproairBidite method, oligonucleotides are 
^yxitheaised, e.g. in an automatic Dtm s'^^r^thesiger, purified, 
anneaiasi, ligated and cloned in appropriate vactox's, 

3 5 

Finally, the DNA sequence may be of mixsd aenosriic and synthetic 
origin, misied synthetio and cDHA origin or tfiixed gBtiomic and 
cPNA origin, prepared by ligating fragmsncs of synthetic, 
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geTjomie or cDm or if in is^s appropriate, ishe far^gm^ats 
corjr^spoMiag to various parts of the entire IMA sequence) , in 
accoraance with standard t«chniqu«&s. The DNA sequence may also 
be prepared by polymerase chain reaction iPCR) using specific 
s primers, for i»»t-a»c« as described in OS 4,683,202 or E. 
Saiki et si. (198 S) , 

Ohoe an amylase -encoding SiSJ^ sequence has been isolated, and 
IS deeirabl« sites for mutation identified, mutations may be 
.introduced using synthetic oligonucleotides , These oligonucleo- 
tides contain nucleotide se(juenceg flan)&ing the desired rriuta- 
tlon sites,: mtaut nucleotide® are insferted during oligp- 
nucleotide syitthesis, In a specif ie iseth©d> a sin9le'f:Stranded 
gap of DH^* bridging the s-amylas®«encpding sequence, is c^i'e-^ 
ated in a vector carrying the df-assylase gene. Then the eya~ 
thetic nucleotide, bearing the desired taut St ion ^ is annealed to 
a homologous portion of the single- stranded DKA. The remaining 
gap ie then filled in with Wk polymerase I (Rienow fragment) 
20 and the construct is 11 gated uaing ligsse., A specific 
example of this isethod iM described in Morlnaga et al . ll&MK 
OS 4,760,02S discloses the introduction of oligbnuoleotides 
encoding multiple mutations toy perf brming minor alterations of 
the cassette. However,, an even greater variety of mutations can 
2S be introduced at any one time by the Morinaga method, because 
a multitude of oligonucleotides, of various lengths, can be 
introduced < 

JInother tnetkod of introdudirsg Rations into a-aiRyiase-encodin« 
.10 DNA sequences is described in Sfelson and Long mm . It 
involves the 3 -step generation of a PGR fragment containing the 
desired mutation introduced by using a chemically synthesized 
cm strand as one of the prltaers in the PCH reactions. From the 
pCR»generatea fragment, a DMA fragsnent carrying the mutation 
3S may bs isolated by oleavage with restriction endonucleases and 
; reinserted into an expression plasmid. 
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Miidom tsutagenesiis ia suitably performed eitlser as iocaiig^d or 
regioa- specific randdin aiutagenesis ia afe least tlsxs^e ptarta of 
the gerie translating to the amino acid set|u®nc^ ^how ijs 
question., or within the w|5cla §en®, 

s 

For region-specific random mutagenesis with a view to improving 
tiim tMrtftsti st^ability of a parent terisamyl-like «^-amylas®, 
comn pmiOms corre^popding to the following ^ino acid 
rssidues of the B. lichmifprmiB of^-asiylase (SEQ NO 2) laay 
IS appsrppriat&ly toe targeted; 

I^-J>Slg m ¥.t -fritM>„„ff&S<fei;i, ^■^y.jafcJIllaLjEa^^ between po^T^^ly^ a 

20 H1SS-T163 
A^3 3 ~:FS3 8 

With a vim to achieving improvad Mading of a subj^trate (i.e. 

issproved biMing of a cartoohydrate species, syscfe as ajsyXose or 
2S atftjriopectin) by a Termatsyl-lite «-amylaas; variaht* modified 

ie.g, higher! substrate specificity and/or modified (e.g. 

higher) specificity with srespect to cleavage (hydrolysis) of 

substrate, it appears that th^ following codon positions for 

tlje amino acid a«<|uanca mmm iu SEQ m m 2 Cor equivalent 
30 coddh positions for another parant TexmatRyl-like of^amyiajse in 

the context of the invention) may particalarly appropriately be 

targeted ; 

J, 3-18 
S0-S6 
70~:7S 

ig5:~172 
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a^.^ j3 3 ^ 

3S0-2€4 
^ ^ 33 *^ 

s 

The 3ran?iom mutagenesis of a DBA sequance encoding a parent 
smyias« to bs |>ss?for?8e4 isi accordance wit^i step a| of ths 
abo^^e-<i®scribe^ methdd of the invention inay cqsiveni«ntly 
performed by use of any method teown in thm art. 

10 

For instance,, the raat^ois ipitsgenssis isay tee per forme si by use of 
a suitable physical or chemical mutaganizing agent, by use of 
a suitrabie oligonucleotide, or by subjecting the DHA sequence 
to PCR generated mt-t. agenesis. Furtbarmore , the. random mutagesj®- 
J.S sis tRay bs pex^foxtise^;! by use o£ asiy ooirtbiiiation o£ tJiesa lauta^^* 

The etutagenlKing agent may, a<g>> be one t«r&ioh induces tran>- 
aitions, transversions* inversions, scrasjibllng , deletions , 
zs and/or insertion®, 

BxaKsples of k physical or cheitiiOel mutagenizing agent suitable 
toT the present purpose inclxid® ultraviDlet: { W) irradiat ion , 
hydroxy ianiin«< l?~methyl~N' -nitre -N-nitrosopianidiae (J^QJ , 0~ 
25 methyl hydroxy latnine , nitroua aold, athyl methane sulphonate 
(EMS), sodium bisulphite, formic aoid, and nucleotide analo- 
gues < 

When such agstnts are usedj the mutagenesis; is typically par- 
se formed by incubating the mk sequence encoding the parent 
ensytne to be jRUtageni zed in the presence of the tnutaganisihg 
agent of choice under suitable conditions for the ajutagenesis 
to take place* and selecting for iRufeated £>J>?A having the desired 
properties. 

35 

When the mutagenesis is per formed by the use of an oligonucleo- 
tide:, the oligonucleotide may be do|?ed or spi5ced with the thrse 
ncn~parent nucleotides during tss; Bynthesis of the oligon^c3.eo- 
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t.i5« at th« posifcionsi which are to fe^^ ehangsfS. The slopinQ of 
spiki.ng amy be don« so that codom for unwanted amino acids «i.re 
avoiaed. The dop^d or spik«(3 oligonucleotia® can b« 
incorporated into the BWA encoding the a»yloIytic enayme toy my 
$ pKhlisfaed tfeChiiiqiie, usiisg PCE^ IsCE or any polynsex-ase 

Whesj FGR-^gehsrated pstag§ji<gsls is uses!, eith&f a cisemxcally 
treatec or non- treated gene e»codi.»g $. paraht ^*«s?ylase <siizyme 
as ie aiifejected to PCR under coMitions that increase the mis- 
incorporation of nucleotides (Dsshier 1392; Leimg et ml., 
Tschaigue, VoX.i, xms, pp, 11~1S| , 

mutator strain of mli Wowlm &t al,, HoX«e, Oen. Genet., 
IS 133 , pp* n$~l9i) f s, c®r®viige^i& Qr sny <!sthe^ ffiiifi^^ 

orgajiistr, m^y used for the raiidom muts^genesis of the WA 
encoding the aTnyXQlytic enasyjae by e.g. fcsrsnsfcrming ^ plmmi^ 
sontaxnii^g the parent ej^syme into the mutator strain, arowin<7 
the mutatssr strain with the .pl&Bmid and isolating the t«utat«d 
20 plasmid from the mutator strain. The mutated plasmid may 
aubs«guentiy fee transforit^ed into th«: es^ression organism, 

The TM^ sequence t© fee miitageni^ed ijiay conveniently be present 
in a genomic or cBm library prepared from an organistss e:spres- 

25 sing the parent atnylolytic ea^yme . Alternatively, the DHA se- 
quence may be present on a suitable vector such as a plasmid or 
a bacteriophage, vshich as such nmy be incubated with or other- 
wise e?s|50sed t© the isutagenisjing agent . The BSa to be mutage- 
nissed snay i^lso be preeexjt in a kast cell either by being 

30 integrated in the genotne of said cell or by foeihg present on a 
vector harboured in the cell. .Finally* the DBA to be mtage- 
nised may be in isolated form, It vrill be understood that the 
DHA sequence to be subjected to random nvutagenesis is pre- 
ferably a C.DMA or a genorriic DJJA aeguence . 

ss 

In ^©we caises it may he convenient to amplify the mutated PJ?A 
eequenoe prior to the expresaidn step (b1 or the screening step 
It) being berformedx Such arsplif xoation may be performed in 
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accordance ¥ttk meth&^B knmm in thm ^rt*. feb® p3f«3«sntXy 
preferred method foeisig pcE*^®nerated sm|jlific&tion using 
«^iigpnuci®otisJ@ pfkUBTs prepared on thm teaais of th« BHA or 
amino acid se(|yesice of tli® parssat: en^y^rse . 

Subsequent to the incufestion with or ©exposure to the mutage" 
nis; ln.g agent * th^ mutat ed UiC^ is sxprssssed fey qtsiturias a 
suitable liost cell carrying fch« ;^equ®nc® laxtder coJiditlons 
allowing esipre^siiOn to: taka plac^< The host cell used £©r this 
l>u?:^ose way i>« osie «^ich hiS^ &eea traiisfQsrBed thf mutated 

DMA seq^^ence, optioriaiXy prissent on a vector* or one which was 
carried the DHA sequence encoding th« parent enzyme duri»g the 
mutagenesis treatment , Sscamp'les of suitable host cells are the 
following s gr»B^sit-iV6 .feacteria such as Ba4H4-M« suhtiliS:,. 
Bacillus Mch&nlfozmisi/^ B&cilluB ientus, Bacillus b£^vis> 
Bacillxja BtB&^othermopMXuB f B^vilMs MZkm.iQphiluSf Bmcillus 
amylaXiqae:£ac£&itBi MB.cilXm coagulmst Bapillizk cxtaiXmnsif 
Bateillu^ lautiiiS, Bacillus ms^Mteritrnt B^ciilns thuaringien^i^/ 
^treptossyce.^ lividans or streptpmye^s murinuB; apd gratasjegati've 
hacteria Bucb as S.coii- 

Tfee mutated W^A se«|U€feisce ^sty furtfeer eon^prise 4 tM^ sequence 
encoding f uiscticsxs perrsitting expresMon of the mitated DM 

MSM^li^M ran4QttL.J^mn^ ^ the random mutagenesis ?nay 

advantageously be localised to a part of the parent ot-amylaise 
ir. question. This may, e,g-. be advantageous wben certain 
regions of the ensyjjie have been identified to be of particular 
iisportahce for a given property of the ensyme, and When 
modified are es^ebted to result in. a variant having imprtfved 
properties. Such regions may^ normally ba laentified when the 
tertiary structure of the parent ensytse has been eiueidsted a?id 
related to the function of the enzyme. 

The localized random mutagenesis is conveniently performed by 
use of PCE- generated mutagenesis techniques as described ibove 
or any other suitable technique known in the art . 



AltepsatitreXy , the s«l<pi«Bc:« ^ncodxrig tii« part cjf the 

into a suitable vector,, and said part may svjbseq4S:er*fcXy b^ sub- 
jedtfed to autagenssis by ius0 of sny of tUm wtntmgmn^'^im method® 

With r«spect to th« screening step xn the aboi^^e"meat;iors.®d 
Ktsthcid of; the iByeatioa, thi® ssay csosiyeaisiitly performed by us^ 
of as f ilter a:®eay based oh the: f oilowxhg principle ; 

A microorganism capable of expressing the aruta-tedi amylolytlc 
enzyme of interest is incubated on a suitafol« medium and under' 
suitable conditions for th^ enx'^nrve to b« secreted , the medium 
being provided vith a double filter comprising & first protein- 

IS bisding filter and on top of that a second filter exhibiting a 
low protein biadijRt;^ ft&psbiXity> The mcrporgaini^Js is? located on 
tixe seooad Cilter- Si^eeQuerit to the isic^sbsttionir th« first 
filter cotsprising enaymea secreted from the microorgiani^ms is 
separated from the second filter comprising the micrcorganistss - 

20 The first filter is sxibjected to screening for the desired 
ensEytiiatic s.ctivity and the corresponding microbial colonies 
present on the second filter are identified, 

tbe filter used for bindirig the enzymatic activity may be any 
2S protein binding filter e^g. nylon, or nitrocellulose. The top* 
filter carrying the cdlohieiS ©f the expression organism may be 
any filter that has no or low affinity for binding proteins 
e.g. cellulose acetate or Durapore^. The filter may be 
pretreated with any of the conditions to be used for screening 
30 or may be treated during the detection of enzymatic activity. 

The ensytsatic activity may be: by a dye, fluorescence ^ 

precipitation, pH indicator,, IR-absorbance or any other l^nowh 
technigne for detection of enzymatic activity. 

The detecting compound may be immabillred by any insnobilising. 
agent e.g. agarose, agar, gelatine < polyscrylamide , starcnf 
filter paper, cloth; or any combinstion of immobiliring agents, 
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&~mylmB actiyiey is aetected by Cibacron E«d IsfeelX^d 
amrX«P®ctin, whi^h iimnobiii«ed on agarose, for screeniJig for 
variants with incraassd thermal and high-pH stability, the 
filter with bound ©-amylase variants is incubated in a buffer 

5 at pH IG.S and SO* or SS*C for a sp®eifi«d ti?i5e, rinssd torlefly 
in deiorxised water and placed on the amylopecfcin- agarose matrxsc 
lor acfci:5fifey detection « Eesidl^al Bctiv'ifey is se«n as iysis of 
Cibacron Red by atnylc^eetin degradationr Tfe® c^sjiditipns are 
cbosesi t;Q be su<:h that activity due to tbe sx-atnyiaae having t.hm 

xo amino acid sequence shovm in SEO j!-io.i barely be 

detected, stabilised variants showf -sind^r the same conditions, 
increased colour intensity due to increased liberation of 
Cibacron Eed, 

m For scr#enitig for variants ^xtti m activity optitausrs at a Ip^r 
tastjperature an<2/or over a broadier temperature range, the filter 
with bound variants is placed directly on the eriKyldpectin- 
Gibacron Ssd siibstrate plate and incubated at tb.e desired 
temperature (e,g, 4*-C* 10*C or 30«C) for a specified t irate-.. 

m •^fter this time activity due to the a-amylase haying: the amino 
acid se^ence alftown in BBU 2;d !So,i can barely foe detected, 
whereas variants witJi ojptisiutsj activity at a lower t esspera ture 
v#ill ahow increase aissiylopectin lysia , PriC'r to incubation onto 
tSxe aisyl&pectin tsatrisc, Incubation in all kinde of dasired 

2S snedia e.#* solutions cpntaining Ca**., detergents, SDTA or 
other relevant additives - can be carried out in order to 
screen for changed dej^endeney or for reaction of the variants 
in guest ion with eudfe additives, 

festin<^; , ;pf „ : yiaria^ ipyention 

The testing ox variants of the invention may suitably be 
performed by dstertrdning the starch-degrading activity of the 
3S variant, for instance by grossing host cells transformed; mth a 
DHA sequence encoding a variant on a starch -containing agarose 
plate and identifying starch- degrading host cells. Further 
testing as to altered properties C including specific actlv:ity, 
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s«l»®txate fp^cif icity^ cleavage pattsirft, theij^ioactivatjioii, pH 
optimum, pH d^|5«xideney, temperattsra optimutn, a«d any other 
parameter) may fo« perform©?! is accorsSaacfe with methpds kaowji is 
the art. 



Aeciording to tM inyentidni, a WSk »e!|ue3ice encoilin^ tfee variant 
^Toduc^d by nmthoiM ol«scfifced above, or by afty ^Ife^rnstlv® 
m®t!hods ksiovm in the eS't, csk be expressed, in enzyme forts, 
xo usiag an expressiori vsetor whicb t>'picaliy incliidea control 
sequences encoding a promoter , operator,, ribosome biading site, 
translation ixiiti^tion signaLl, «a<2^ optionally, a s^epressor 
gene or various activator gesiesi. 

15 fhe reccmbinant -esipreaslon vector carrying the p??A ^e<^ence 
enooding an at-asiylase variant of th« iiivesjtioh taay be any 
vector ts?hich may conveaiently be stjbjectad to recombinant DNii 
procedures., and the choice of vector ^'ill often depend on the 
host cell into which it i« to be introduced. Thus, the vector 

20 fee an autonomously replicating vector, i.e. a vector wliicb. 
ejsiatS; as an esKtrachirotRoeoMal entity j the replieation of s«fhich 
is independesit of chrotaosoigal replication* e,g, e pl^smi^f a 
bacter iopba^e or en extrackroiBdsomaX element , minichromosonse or 
an artificial cbromosoJtie , Altsrnativeiy, the vector may be one 

is which, when introduced into a host cell, is integrated into the 
host cell genome and replicated together with hbe chromsomeis) 
into which it has been integrated. 

In the vector, the D!?A sequence should be operefoiy connected to 
30 a suitebie promoter eequence, l?hs promoter S5»ay be any dha 
sequence which sho»fS t:3fanscriptiQnai activity in the host c«ll 
of choice and may be derived from genes encoding proteins 
either homologous or heterolegous to the host cell- Escamples of 
suitable promoters for directiiig the transcription of the DNA 
3£ sequence encoding an «»am>'^iase variant p$ the invention, 
especially in a bacterial host, are the protnoter of the lec 
ooeron o£ E.c&Xi, the Str^ptomyces coelicdlor agarase gene dagP-. 
cromoters, the t>T.imot^t3 of the Sacillus Ittih^zil f O'JfaJis 
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amylase gene immm. th^ pT^mmrm of BMIub 
0me.roth0xmoj^ilus s^alfcogenic amyl^^e gene immyM) , t^jfe pir0mo« 
ters of tb« Saell amfloliiquefaciens «~ amylases Cai»5fO) , the 
promoters of th« Sacillus sahtlllm xylh and scylB qenes etc- Foj? 
5 transcription in a ftmgal host, ejcamplss of useful promoters 
are those dexiwd from the gmm eacodisg A, orysse miCA 
ainyl&sef Mdzmmcor mi^hei SBpartit; proteinase, A, niger neu- 
trsil ejras8yXa«e> A. nig^t ncid^ 3tabi« df-apyXase* ^■^ ni^er glu- 
coajnyiase;, Miizsmucor mieh&i iipase, a. or^'^za^ allealiise 
10 protease, A, ostyssMe triose phdspMte: isoiserase or A. isisJuiaiS^ 

The expression vector of the invention may also cojsprise a 
suitable trasiscription terminatpr aiid, in eukaryotes, poly- 
15 ads«5i?'latioi3i sequences operably cprmeeted to the Dm sequence 
exico^ing the sf-atayiase variajst o£ the inveiitioft* tigrtrsieSJation 
&tM poXyadenstlatioii sequencess my suitably he derived from the 
aaime sources as the proisoter. 

20 The vector may f\irt her comprise a tmh seqxxeno^ enabling the 
vector to repXic&te in ths hosit call in ouesticH. Examples of 
such sequencer are the origins of replication of pXasmids 
p0C:iS, |sAC3fCX77, ptIBllO, pEl&4, pMSBl and pIJ?02, 

m THe vector may also coRsprise a selectable isarker, e.g. a gene 
the product of which ootnpXements a defect in thm host celX,- 
suOh as the dal genes from B. subtil is or S. lichenifoxmist or 
one which confer® antibiotic resistance such as arapicililn, 
kanansyciris chloramphenicol or tetraoycXih resistance; Fur- 

30 thermore, the vector ?nay compris^e J^spmrgxllus aelsction markers 
SBch as smdS, argfS, niaD and sC, a fsarker giving rise to 
hygr0mycin resistancs^ or fcha seleccion may be accompla.shed by 
co-cransfonRation, e,g> as described in WO 91/17243. 

35 While intracellular expression may be advantageous in some 
respects, e.g. vs?hen using certain bacteria as host cells, it is 
generally preferred that the expression is extracellular. In 
general, the Sacili^s ss-a^.ylases ment-ioned herein cOsriprise a 



Si jscwrs rre est t&iu "S^t 



55 

preregioa jjfesmitting s^ctmimi o£ th® «35|sr®eB©a psrcmeaf e i»tP 

r«pi&c«d by a differesst priersgioa or signal B^^^ncep CQ^'^^tii^ 
eatiy accojiipli^hed by atibstitutiom of the IMA te<|ys&?ie«a «snc:©d* 
s lag the reB^eetiw pr® regions* 

The procedures used to ligate th^ IMA ooastruet of th« iisven- 
tioji e«i<2Qdiss0 an df-at8ylas« ys^im^j thm promoter* terxsiij^tor 
&nd 0th€t til&m&ntBf respesctiveiy, and to insert: fcfeem issto 
3,0 suitatel® vectors ccsitsiaing fchs Inforisation riec:<8i^sa3?y for 
jr^plicistioii* ^ire Icnovm to persoKS sJsiXled tfe.« art ifcf » , 

for inBta.nc<&f Sambroo^ ^% iW^S) > * 



Tb« cell of tim iis^estiosst, either comprising & XMA construct or 
a.s an expreissioa vector of th® inwj^tioxi as dsfiss^d ab©w, iB 
ady^tageoufely u®«d mm a hmt cell in tfee ir^c^^inant produce 
tion of an tt-assylas« variant of tji« invaatipn. Tfee cell may fee 
t fcajaa formad i?i th tJtee DHA cons t imet of the iixvaxjt ion ^giicoding 
the -variant, conv'eniantly by integrating the DM construct {is 
ao ona or more copies) in the host chromo^so^ne . This integration is 
g®n<srally considered to toe an advantage as the DNA se^|ua»c® is 
mora likely to toe stably maintained ixi the cell . Integration of 
the BH^ constructs ihto the hoat chrot!*d«ome may b® performed 
accoriliisg to conventional TaethGdSi «.g» toy ho?!tolOg:OU^ or 
hetartiiogow racotabihation, Mtarhativaiy, the cell tstay be 
transformed with ah escpreasion vector as described above in 
cohneotion with tka different ty^ea of host cells. 

The cell of the invention ttsay be a cell of a higher organism 
36 siach a ssarsmai or ah insact> but i« prafarafoly a microbial 
cail, a.g, a bacterial or a fiihgal (including yeast) cell. 

Essamplaa of auitahls bacteria are grampositive bacteria such as 
Bacillus siibtiliS: Bacillus licheniformis, Bacillus lentus, 
35 Bacillus isrevia, Sacillus 5t«arDfcherjBC|ihiIus, Bacilius alkalo- 
pMiu,s, S&<:i.Xlus ^yloliquefMci&nBi Bmcillus coagruiaaa, 
Sas-'iliua ciTCUj.&nSt B&ciJliis lautus, Bstcillus m&gB^teTiti^i Ba:- 
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muT-inu^, or grasM^gatius bacteria such a# £.c0li. Tli® fc^^us- 
format io^a of the bacteria tmyt £ox insfcan??®, be eff«cfc<sd by 
protoplast trsHssfortsatiois ©r fey u^sissg^ cotnpetsnt cells in a 

s 

The yeaat organism may £avoua?abX:y 3?« selected f rotrs a species of 
5accljsroi8|?e<&^ or B^ti&o&&cchs.t'omy(seBi e.g. 5accftaro^j?yce^ 
cereidsiae. The filaijsentous fuws isay a^vantag^msly feeiong to 
& Sjpeclegt of A^fpigrigriiius!, e^g* MBperg'illu^ oryzae or iAsp«ri^iI» 
10 las isig^r* Fiixsgfai cells tsiay be tsrasxsf otmsd foy process inyoiv- 
is^g |$3rotO|:^last fortsisitloB ^tiA tixajii^f o^r^tiatidn o£ tli€ pirotop lasts 
folXov^ad by regeneratiosi of the <SelI in a maimer known per 

se. A suitable procedure for tra:n:sf osmation of Aapergili^^ host 
cells is described iii SP 238 023. 

Iii a yet furtfeer aspect, ths preseist invantion palates to a 
isethod of prddticiBg ^ a*aisylase variant of the iav^ntioKf 
wbicnh method cots^riaes eiiltivatiiag a host oell as described 
above \^sd«r condltlor^s conducive to the production of the 
29 variant a»d recoverijjg the variant from the cells and/osr cul« 
ture jaedim. 

Th« sj«dium usad to cultivate the eeXls may be any co^svsntional 
5?i«diuta suitable for 0fo*fxhg th0 host c«ll iJi cjuetstion and 
2S obtaining exprssfsion of the of-attjylase variant of the invention. 
Suitable media are available fro* comrsercisl suppliers or may 
be prepared according to published recipes le>3'. as described 
i» catalogues of the teerica» type Culttixe Collection) . 

3s The Sf~amyXase variant secreted from; the ho^t cells may coji- 
vaniesitly bfe recovered froffi the oulture TOsdittfe by well~know» 
prooedures, including separatiiag the cfells from the medium by 

centrifugation or filtration, end precipitating proteinaceous 
components of the medium by means of a salt such as ammon-iun^ 
3 5 sulphate,, followed by the use of chroma togxaphic procedures 
such as ion exchange chrojaatography, affinity chromatography, 
or the; like. 
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The sf'-aRjylase variants of tMs in-ventiou poss^®s^«s wltsstei® 
properties allowing for various ia^usstrial apijlicationa < In 
piat'tic^il.ar' tb« sBsyma variants finds pot«n£i«l applications as 
s ^ component in tsrashing, disKwagJsing and hard surface cleaning 
detergent oompogitiona, b'at it m®y also fo® ussfwl in the 
production of sweeteners end ethanol from starch and for 
textile desiiaing, Conditiona f or conventiosial starch converfcing 
pmBBMm md liquefaction and/or JacehaMlicatlqn proces^e^ 
10 are d^scsrilsed in fox instapcre tIS i'atent l3o, 3,S12,SS;£^ aM 
patent ptiblioationsi ISOa, 252, 730 and «;3 j9GS, 

Fyoduction of sweetner^ from starch: ft. ' "traditioJial'^ prooess 
for oonversiou of atsrch to fructose syrtjps normally consists 

xs of three consecutive en^ytttatic processes/ vi^. a liquefaction 
process toll<mmd hy a saccharification proceas and an 
i:«jO?R(@ri2;atio» proc«iS8- purin^ tfa^ 1 |.<|wef act ion process/ jstarch 
iM ^iifegraded to dextrins mi fx-^mmflme (e .g, Termamy^l^J at pS 
^^aliies b«t*fsen S and 6 . 3^ and at temperatursss of §5~iSe*C for 

2» a period of approx. 2h. .In order to ensure an optimal ensyme 
stability under these isonditions , IrjM of calcium i® added {40 
ppra free calciu«5 iona) , 

#ftar the ii^e|acti«n proesas the dasttrina are convarted into 
2S daxtrose by adiSitiojj of a glucaaiaylase Ce«s, I^S'*':) and a 
debrahcMn# efesiysie, such as ian iaoam^lase or a pulXulanasa 

Ce.g, Promsyme*') , Before this step the pU is reduced to a 
value below 4,S, maintaining the high temperature (above 9S*C) , 
and the liquefying a~&«jyiase activity la denatured . The tern- 
38 parature is lowered .to SO*.C, and glucoa?ayiase and debranching 
ensj'Tse ars added. The saccharification. process proceesds for 
2^-^72 hours > 

J^fter the saocharif ication process the pH is increased co a 
js valua In the range of €»8s preferajbly pH 7,5, and the calciuiTv 
is removed by ion exchange. The dextrose ayrup ia than cok- 
verted into high fructose syrup using, e.g^,. an instRtnobilised 
clucoseisoKisrase Isuch as Sweet Ky?Re'") , 



m 

pit J^a^tj 3 eriigyaiatiic impt'ovewjejjt:^ of |sroc«®s could be ote- 

minmd. All three isaprov«ments could be as i^ai^'iaual 

benefits, but ers>' combin^tiipn (e.g. 14^2> l-j-3,, 2+3 oar 1*2 13 1 
could b® ©ts}ploF«4j 

5 

jmpyQVf ^^at .X - Reduction oi th^ calciusr, dependency of. the 

iiquef yiag alpha -ajsylass * 

Mdifcidxi of £r«i« calciust is required to ensure &<3eig^at«!i>*; high 
Id stability of the 0f-a.myla.se, but free caleitim strongly inhibits 
the activity of tite glucdseiBOTaerase aM ileeds to be ramoved, 
by means of. an expisxisiv^ unit operation, to an extent which 
reduces the level of free calcium to below 3-5 ppsf^ Cost 
savings could b^ obtained if such an operation could be avoided 
^^ and tha lis^ef action process cotaid be perforsjad without 
addition of frames calciuts iona;, 

To achie'^'e that> a less calcium -dependent T^rtaasayl^like 
of-aisylase which Is stable and highly active at low 
20 concentrations of free calcium {« 4 0 pptn) is re<|uired . Such a 
TermamyX-iika a-as?yiaa« should have a pB optimxxrti at a pH in the 
range of i.s-s.s* preferably in tha range of 4 > 5-5 3- 

■ , 1 ^-' Reduction of fortaation of unwanted Hail lard 

2S products 

The extent of formation of unwanted Mail lard products during 
the liquefaction process .is dependent on the pH. Low pM favours 
reduced forsiation of Maillard products . It would thus toe 
30 desirable to be abla to lo^er the process pH from around pH S .0 
ZQ a value arotind pp unfortunately, all coTRsrsonly kxiom, 

thesm^oetable Tarma??tYl~like: are not very Bt^sthlt at 

low pH^ (i/e. pH < S.Gj and their specific activity is generally 
low. 

Achievement of the above-mentioned goal requires a TerTJiamyl- 
iike a> amylase which Is stable at low pK in the rarige: of 
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4*S'»S.5 mid at free ealeium c«5i3c®Btratioas th« range of G-4G 
ppmj and whicfe tiaaititaiBB a higfe si^ecif ie activity . 

s 

It has b®«n reporSM pi'^viously (US patent 5,234, S2 3) tbat when 
saceUarifyiag wit^ A- ni^er gXticcamylaae and acidopuilu- 
2yfcici40 pullulaaase^ tili« presence Off residual es!»a!!s^iiasie activi- 
ty frofsi the liquef action process ??^n i«ad to lower yields of 
ie 4®3ctrose if the as-aisyiase Is not inactivated befar© thB 
©accharif ic&tioii stage, TMs inactivatioa cain tyisic^iXy be 
carried out by adj-usting th® pH to below 4,3 at SS^C,. foefora 
lo*?eriixg the tsmp«rature to SD*C for saccMrificatipn, 

is The reason fpsr tMs n«gatim «ffeot oit dextrose yield is not 
fuliy •usderetobd^ tout it is asstisied that tlse li<juefyi:a3 a-at^^^ 
I^ss Cfdr eK&B^ie Teritsamyl^ iM h fmm XichmifotmiB} 
generates <* limit aextrins" {whici^ are poor s-obstrates for S. 

acidopulluiyticus p«llu?;,anase) by hydrolysing I,4»alpha^ 
so gliicosidic linkages close to and on both sides of the branching 
pointiS in amylopectitt. Hydrolysis of these limit dextrins by 
glucoaiayiaBs l«ade to a build- up of th« trisaccharlde panose , 
t^kich is only slowly iiydrolyised by f lucosstylas® , 

2S The develoisment of a thertaostafel® af-etsiyXass which doesf not 
suffer frois this disadvantage %fQuld b« a significant process 
improvement, as no separaee inaotiyatioa step would: be xe- 
c^s^ired > 

?o If s Tet?na?syl~like, lossr-pH- stable ^-amylase is developed^ afe 
alter^tipn of the S|jfeOificity oodld Jbe 4^ Advantage lieeded in 
cotnbination with increased stability at lo^ pH, 

The Tfisthodology and principles of the present invention, make it 
35 possible to design and psroduce variants aocording to the 
in'.'-ention having the required properties as outlined above . 

Oe t :j^.r o^e n t wOtTi>^ o s i. 1 1 o,n ^ 
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^ccoriiBg to tha inwutios, the et-mefl^se fcmf t^ically a 
component of a dietesr^ent c©s)position. As such, it ma^* fee 
iacluded in the detergent coapositicn in the form ot a non- 
daating granulate ^ a stabiliaisd liquid, or a protected ^nayfi).®, 
s loii- dusting granulates may be produced, e,g< &s disclosed in iTS 
4,10€,S$a. a»d 4ff6lj,4S2 ?both to Novo Indus tri A/S) and may 
opti©j?aXiy be ooaited by igethoda Jcnoym iu the art-. Escafnpl^s of 
wmcy coating materiaXs aire poly (ethylene oxid®) products 
(poly®thyXe»®giypol > ^EG) witK meah sioli&r w^ig^&ts of ioos to 

IS 20000, ethoxylat'ed nonyiphenoXs having from 16 to 50 ethyleaa 
oxide units; etlscocyiated fatty alcohols; in th§ alcohol 

contains from 12 to 20 carbon atoms and in which there are 15 
to 80 ethylene 03£ide units; f^tty alophols/ fatty acids? and 
tnono" and di- and trigXycerides of fatty acids, EKamples of 

IS f iltn-f o^s^ing coating isiateriaXis siii^aJbXe for appXicsition hy 
fluid bed fcechni^es are given in p^atesiit X4S359i, t»iqnid 
enainae ^^reparations siay, for iiishance, fee iit^felli^ed hy adding 
a poXyoX such as propylene glycol, a at^gar or sugar alcohol, 
lactic acid or boric acid according to established usetixpds.. 

m Other anzyta® stabiii^ers are well Imoyn in the art, S*rot®ctad 
enssymee sisy toe px^psixnd accprding to the tfsethod disclosed in 
'^33. jp- > 

The detergent corBpostition of tb^ iisvehtion issiiay be in any 
convetiient form, e.g^ as powder, granules , paete or liiguid. A 
?S liquid detargsnt may foe aiqueoue, typically containing up to 70% 
of water and 0-30% of organic solyent, or nonaqueous. 

The detergent composition^ cossprieee bhe or isbre atirf aotahfce , 
eack of which iaay be anionic, nonionic, cationic, or zwitter' 

3s ionic. The detergent wiil usually contain Or-SO^ of anionic 
surfactant such as linear allo'IbetiKeneeulfonate ihAS) , alpha- 
olefinaulfonate CAOS) alkyl sulfats (fatty alcohol sulfate) 
(AS) , alcohol ethoxys-nXfate CAEOS or secondary alkane- 

sulfonatas (SAS) , alpha -sulfo- fatty acid ssethyl esters, alkyl - 

35 or alkenylsucciiiic acid or aoap> It may aXeo Contain 0-40% of 
nonionic surf actant such as alcohol ethosjylate (mQ or m) , 
earboxylated alcohol ethoxylates, ncnylplrtencl athoxyXate, 
alicylpolyglycesias, alkyldirnethylamineoKide, ethojcyXated fatty 
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acid m©aosthiaxiolamid«^ fatty acifi Tsono^tMsiolamide or poly- 
hydroxy alityl fatty acid sm«a« («,g. ^as qi^scritoed in WO 

s The detergent coT^osition my additionally comprise oa« or S5dr« 
otiser snzyme;^, such as lipase, cutiaasef |sroteas^, cellula^®> 
peroxidase, e-g,, l&cc&m. 

th® <3^t^r0feist may cojfetaiti X-SS% a si®t«rg«j$t builder or 



IS complexxBf agsxit sticfe as sseolit®, diphosphate, triphosphate, 
pho»phonate> citrate, nitriiotr>iacetis acid imh) , ethylene - 
diaminetetraacatic acid lEDTA) , diethyianet r iamitiepantaacet ic 
acid iXfmBA'} f alkyl- or aikanyXsuccinic acid, aoi%ifel:e siXi- 
cataa ox layered eilieataa {e*Si from Hoectet) • T&e 

15 datargant ?say also fee uiife-uiXt^ i.e. essantialiy tree of 
deter^aBt b%jilder« 

I^Si datar^anfe inay comprise oaa or ji^ore i>ol^er^< Examples are 
carboxyro® thylceXl uioae (CMC), poly {viaylpyrroli done) {FVP) , 
2D polyethyleneglycol (PEG), poly (vinyl aicoholl {WA} , 
polycarboxyiates such as polyacrylates, isalaic/acxyliC: aca-d 
copolymers and latsryl methacrylata/acrylic acid copolytmts - 

The datafgest «aay cmtain a biaacfeiug syateai which may comprise 
2S a eource such aa perborata or percarfeonate which may be 

corsbinsd with a peracid- forming bleach activator each as 
tatraacetylethylenediamina iTKED) or noisancylosQ^sn^ene- 
sulfonate imBS) . Mterjiatively, tha blaachissg aystem may 



polyol such as- propylene glycol or glycerol, a sugar or sugar 



:Qmprlse paroscy acids of e.gv the amide ^ imide, or aulfone 



38 type , 



the ensyrnes of the datargant compos 
be stabilised using soJi'v^entioml s 



sition of the invention may 
stabilising agents, e.g. a 
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rrbe asWg«»t may also coafcai^i otter cajwentwl a^t^rg^nt 
ingredients such as fabric cqMitioners incl^siing eisiy^, 

foam boosters, suds »uppr«g-sors , ant 1- corrosion. «i^ht$, aoil- 
susp^ading agents, anti-soil redeposition agists * dyes, 
s bactericides, optical fcrigfets^ners, or psrfume. 

The pH (t5s^a^«jf®d iJt agueou^ solxition at use cosscmtrationl will 
usually be neutral or aXkaii^ne, e.gf. 7-13,* 

18 Particular forms of detercfssit coss^ositioti^ Vfj:tijin the scope of 
the invention include i 



1) A di^t^rgeiifc compp«ition formulated &m a granulate having a 
bulk density o£ a.t least 600 g/1 ccsmprising 


Linear alkyltoe,?izenesulfon«te Ccal- 
cuX^ted as acid) 


7 ' 


Alcohol ethoxysulfate (e.g. C^^.^g 
alcohol,, ,l~-2 EO) or alkyi sulfate 




Alcd&ol ©tfeoxyXste {^.^v C^^.^^ aXcO" 
hoi , 
[ 7 EO) 


S. - i 






I Soluble silicate i&B Sla^0,2SiOj} 




1 Seolite (as MaM.SiO^} 




i $odium sulfate {as Ma^SO^) 


0 s% I 


Bodiuffl citrate /citric abid 


0 - 15% j 


jsodiwm perborate: las NaBO^ .HjO) 


11 - 1S% j 


i tm:d 1 

^^^^^.^^.^i,^.,^,^ ^ri-iriTiTiM„„fM 


2 - 6% 1 


1 Carboxymethylcell-ulose j 




si Poiyns^rs (e.g. tsaleic /acrylic acid 
1 copoiyraer, PV^F, FB<^) 


■0 V, 3% 1 


1 Enzymes (calculated as pure enssyrse 

1 protein) 


0,0003. - 0.1% 


Hiiior ingredients (e.g. siids 
1 supprassors, perSumaf optical f 
1 feri^htener, photcbleach? [ 


s - s% 1 
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2) A d«terg®Bt comp 
bulk desisitj^ of at 



t SOP g/i 





^ - XI% 




1 « 3% 

1 

— " -H 


Alcofeol ©fcfepsCj^X^t^fe ^i«:-iS ^iCO-^ 

hol , 
•7 BO) 






^ i3 i 1 




i *• p 


Zeolite; (sb; INfaJiXSiOj^) 


24 - 34% 


.j^^..s&mJm.m^^^ . 


4 - 10% 


Sodiuts^ citratg/citric #cM 
las CsH^Ha^O-j/CsH^O-r) 








Polymers ie.g* maleiq/aqrylic acid 


1 - ^% 


En2;if'?«es (caXcul^tisd sts par® eiisyme 

proteia) 


0-0001 - 0*1% 


I Minor ijjgredients (e,g. suds 

II suppressors, perfume; 


0 - 5% 


3) A detergsint composition formulates: 
bulk d«nsipy ®f at l«ast 6SQ cosips 


I as a granuiate haying 


1 Linear alkylbenKeiifSStsif^isat® ^cal- 
1 culated aa acid) 


S - 9% 1 


M j^^v^^iAWj^ ^53- ^iS^'iS 

1 -hol, 




ij Soap as fatty acid Qxs-zs fatty 

y ^ 0 X V* > 




1 Sodiun^ carbonate {as Jla^COa) 


10 - 17% ^ 


1 Soluble siiicae.® (as l!fasO,2SiQs) 


3 - f% 1 


Zeolite (as J^aAlSiO^,) 




Sddim sulfate (as HajS04} 


0 - 4% 1 


1 So<Sitsm perborate (as tsaSO-, ,HjO^ 





10 



2S 



10 



IS 



£6 



2S 



1 TM,D 






0 - 1% 




0 ^ 2% 


1 Poly«i«-rs i&.q. maleic/acrylic acM 


0 - 3% 


1 protein) 


P ,01101 - 0,X% 


Elinor ingredients (e,g. ^ndm 
BMppr^sBOTs , p^rfxm&f optical. 


S - :S% I 


4) A detergent corapositiori f oxmialated 4s a gramlsfce Mviag 
bulk density s>f at leaist 600 g/i ccsaprisis^ 


culated as acid) 




Alcohol ©t.boscylat® ^is-is ^ico- 

7 EO) 


10 - 25% 


, Sodium carbonate (as Na^CO^) 


14 - ast 


Soluble silicate (as Na^O j 2310^} 


X - 5% 


Ssolit© (as HaAlSiOg) 
' " " " " " '~~'~~«~~~~~~-«««'<^^ 


2S - 35% i 


^o<Sil3tm sulfate fas Ma^SQ,) i 


0 - 10% I 


i^Cattessfthvlcelluiose j 


0 - 2% 


Polymers ie.g, isaieic/acarylic acid 


1 ^ 3% 1 


Enxyf5\«ss (ci^iquXated m jsur© enaym® D .0001 - 0 . 1% 

^protein} f | 


Minor i»gredi«Bts (e.g. suds | o s% i 


&) Mi agweo^iis ligaid deterfanfe domposd-tiba comprising 


1 " ■ ■ 

|l Lxaear alkylbenseneswlf oSiat^s ?csl- f 
p culated as acid) | 


.^3 2! .X 


1 Alcohol ethoxylate (evg. Cj2„,5 aico- 1 
hoXj 

7 EO or C,2.js slcosiol, S lO) 


12 ~ 18% 


1 Soap: as fatty acid (eyg. oleio 

1 acidi ~ j 


3 " ii 3% 


1 AikenyXsucclnic acid (C,-,,;;) | 


e - 13% 



is 





8 i i % 


CXt,ti>c Bcid 






0 ^ 3% 


Polymers PVP^ PBQl 


e - 3% 


Borate C&s B^O,) 


0 - 2% 




0 - 3% 1 


Propylene glycol , 


8 ~ 14% 


Rasj'mes (csiculated as pure fejiKym)^ 

protein) 


Q.ODpl * 6,1% 







€l An agueous structured liguM detergent compp^ition coti^pris" 
IS lag 





IS 


~ 21% 


Jilcohol ethoKylat® (fis.g. Cj.s^.js 
alcohol , 

7 EO, or Cjs.is alcohol, S EO) 


3 • f% 


Soap as fatty aciid (e.g. oleic 
«cid) 


3 


- 10% 




14 


" 22% 


Botassium citrate 


9 


i § * 


Borate (as S^O^) 


0 


~ 2* 1 


Carboxyme tfeyl sellu Xose 


0 - 2% 1 


Polymers (e.g. PSSGf FWI 


0 


" 3% i 


Anchoring polYT?5«rs such a®, e.g., 
l&uryl mSthacrylate/^crylic acid 
copolymer,* molar ratio 

3 SOS 


Q: •« 3% 1 


If — 

1 Glycerol ,„ , 




» S% 1 


1 Enzytnes (calculated as pure ieazyme 
1 protein) 






1 Minor ingrsslients (e.g, 

1 dispei^santa,, suds suppressors, 

1 perfume , ootical br Igkteners) 


0 - 5% 



7) A detergejjfc composition formulated as a grasiuiate iiaviii^ a 
bulk density of at least 600 s/1 comprising 



1 Fatty alcofeoX sulfate 


5 " 10% 1 


1 8t nosey lafcea fatty acxa monoethanolr 

1 amid® 


3 > ^% 1 


1 Soap as fatty aoi<i 


0 - 3% 1 


1 Sodium carfeonat* {as HajCO^,) 


S ~ 10% if 


1 Soluble silicate {as Ma^O,2SiO^) 


1 -4% 1 


1 Seolite Cas JaAlSiO^) 


20 ~ 40% 


1 Sodium sulfate (as Na-^SO^) 


s ~ s % 


1 Sodium peri^xate las HaBQi^.ljOJ 


12 - X$% 


1 TAED 


2 - 1% 


1 Foivtasrs i&.g. issaleic/ac:r>'"lic acid 
1 copolymer,. PEG) 


1 - S% 


1 Ensy^as («alculat«d as p«r« snsyme: 

1 ^rot«in) 


0*0001 - 


1 Minor i»gredi®iafefiE (e.g. Q|stieai 

1 torightener, mxtdB suppressors, per- 1 

1 fUJR®) i 


0 - s% 



? calculated as acid) 


8 - 14% 1 


Ethoxylated fatty acid s>0sioethai5ol-' 
assiipie 




Soap as fatty acid 


0 - 3% 1 





4 « 10% j 


Soluble silicate (as E^Qi2SiQ^) 


X - 4% 


Zeolite (as MaAlSiO^) 


3 0 - S0% 


Sodium sulfate (as HajSO<j) 




Sodiutn citrate (as Cs;H5.?*a50,) 


5 ~ 12% 


Pol>isers fe.g. PV1>, Trialeis/acryllc 
acid copol>^e.r, PBO) 


1 ~ s% 


Enzymes (calculated as pum ensyme 

ox-oteinJ 


0,0001 - 1 


Minor ingredients Ce.g> suds 
S uppr es so rs , pa r f tstrie ) 


0 - 5% 1 
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1 Liaear allQfib«n2e»esulfanat« 


€ - 12% 




i ~ 4% 


Soa^ as fatty acid 


2 * 6% 


Sdidium carJfeonitte las Ha^CPj) 


14 » 22% 




m 32% 


Sodxixttt ^stsl^ "S^t© ISSgSO^ 1 


s ~ 2m 


Sodium titrate Cas C^HsSfajO^? 


3 ~ a% 


Sodliim i^e^rborat^s {&& HaBO^.HiO) 




Bleach acti^ats»r (e .g* HOBS or 


1 > 5% 


Car box^-Tne t iJ^ ^ c « ^» i-^ loa® 




Pdlyisers (a^g. polycarboscylate or 


1 * Sir 


ptro talis) 


O.OOSl - 0.1% 


Minor ingr^€i®nts iSyg, optical 
1 brigbtemr^ tsearf uise) 


0 ~ S% 



10) to aquaous liquid deterg'^Jit compoaxtipn coinpriiSitis 



Lineair aXkyib<a5a«eJiasulfsmate 

( calculated as &cid) 


IS - 23% 


Meohol etfeossypuifafce {e.g. c^s^jj 
alcohol, 2-3 EO) 


S ™ 1S% 


Alcohol ethoxylats (e.g. Cij.« al- 
cohol, 7 EO, or Cj,s..^ alcohol, S 
EO.i 


3 - S% 


Soap tdtty acid {«s<g, lauric 
acid) 


0 - 3% 


' Atninoethancl 


1 - S% \ 


1 Sodium citrate 


5 • 10% 


Hvdrotrope (s.g- sodium 
tolueasuXfDnate) 


2 - 6% 


i Borate (®xS S,0^} 


e ~ ..J 


Ca r bo:<y^e t hy 1 1 lulosa 


<3 - 1% : 


! Ethanol 


1 - 3% 
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m 



1 Insymes ic&Xauia,ted a 




0.0001 - 0,1% 1 


1 Minor ingrBdiants 








1 diapersantS; perfume , 


optical 


0 




5 I brightanersl 







jcaXculated as acid) f 20 <^ 32% 


7 BO, or C,j,,c alcohol, 5 W6} 


« - 12% 


teinoethanol 


2 - 6% 


Citric acM 


0 " 2.4% 


Borate i&B B^O-j) 


X ■ 3% 


Polymer maleic/scryXic acid 
cop&lymttf anchotriisg pplyisser such 
a®, e.g. , Isuryl 
tBethacrylate/acrylic acia 
copoiymsr) 


0 * 3% 


Glycerol 


3 « 8% 


1 Enzym&B {calculated as pum «aaymfe 

i protein) 




Minor ingredients hysSro- 
i tropes, dispsrsants,, psrfusie, 
optical bright ®n«r^) 


S - 5% 



15 



2C3 



25 



12) A detsrgi^nt composition lotmiiat««J as a granulate having 
a Jsulk. den^i^ity pt at least SOO g/i co^risi»g 



30 



Anionic surfactant; (llriaar 

alkylbens;enes:ulfonate/ alkyl sulfa - 
te, alpha "Ole^irisuXfonate, alpha- 
suifo fatty acid methyl esters, 
aXkanesulfonates,- soap) 


2S - 4 0% j 


Sonionic surfactaiit. (e,0- alcohol 
ethoxylate} 


X ■■• 10% j 


Soditisv carbonate (as Ka-^COj) 


8 - 25% j 


SQlubla silicat^&s;: ?as: lSa^6, SSiO^) 




1 SodiuTn. suifat® {as Ka^SO*) 


0 ~ 5% 1 


t Zeolite {m ^BJil^Mj^ 


IS - 2a% 1 


Sodium ttsrborare (af Ha-SO;.-4KjO/ 


... ' !i 



syiSTffyii sHgiTCEULiasi 



6 a 



Bleach activator or HOBS) 


0 - 5% 


Easyj^^s (caieulatea as^ pure ^sjgjmse 

protein 1 


0,0001 - 0.1% 


Minor ingrMiaiits (e.g. |>®rfwi«e, 
optical Isrigfeteners!) 


0 - 3% i 



13) XJ^t^x'gsBt forTt5ulstions as dm&cxiWd la 1) » 12) wlier^in ail 
02? part of the linear &lfcylbeaseiies«lfo«ate Is x^pXsced by ic^- 

14) A cpmposition foriaulated «ts a granulate kav'ing 
a bulk «3^risitY of at l«ast 600 g/i cosJisrisiag 



1 ^C^^J^~CJS'' 'S.lkyl sulfate 


§ - 1S% 


McohoX ethox^date 


3 - «% 


FoXyfey^lroKy aXkyl fatt^y acM amid=e; 


1 - $% 




10 " ^0^ 


La^y^red. <^XaxlXca'&@ , 0. ££Ots 
Hoechst) 


10 - 20% 


Sodiusi carbonate (as IJa-^COj) 


3 ~ ia% 


; Soluble siXicate (aa M^^OtZBiO^} 


0 - s% 


So<3.ium citrate 




SQdiu?s percas?bqnat© 


13 - 22% J 




3 ~ S% 1 


Folytners le.g. poiycari>p:xyl&tes asid 


0 s* 


Bnsymas (caic^fXated as piira mizysm 

s rote in) 


O.SMl - 0.1% 


HiiiQr ingredients (e,g. opticaX 
bright ener, photo telestfehr perfums, 
suds supijir^^sors) 


0 - S% 



IS I A detergent coinposition toriauiated as a granulate having 
3S & hulk densslty of at least 600 g/X coitsprising 



1 (C„-C, J alkvX sulfate 


1 ^'X: 


- 8% 




1 Alcohol ethoxy-X&£-« 




* IS I 


1 
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1 ■» 4% 




35 - 




SpdiuTs carlsonat® (as H&jCdj) 


2 - S% 


SoXisbie silicate {&& ir%o# 2Sio^) 


0 - 4% 






S 2 % 


TAED 


a - s% j 


Cas:'b05Q''5?5S t by X c©i Xui. 


0 - 3% 


Polymers («.g, polycarfesxyXat^® and 
M) 


0 - 3% 


Ea3;>^«g: CcalcuXate4 as pur« eriay^se 
protein) 


0.0001 ~ 0,1% 1 


HinoT ingredients {«-g» optical 
bright«fter, pfaosphonate, per^mel 


• 0 

'fitrrirrrrrrrti»p»in'iis>e8B!eB!8B8g 


3% j 



iS 1€} Detergent forrEtulatioss as described in i) - ,is) which 
contain, a stai>iXiaed or encap'Stilatied p<^x^cidi either as an 
iadditionaX cos^osseaitt or aa a snfo0tifctsfce £0r already apecif led 
bleack syatema, 

20 17); Detergent cojspositions as described in x) , 3), 7), s) and 
121 wherein parteorate ia replaced hy pexcarbpnatei 

18) ISetergent cmLpoMition^ as described iii 1) , 31 , 7) , S) .< 12} , 
14) ans| IS) isthich additionally csajitain a mangas^ese catalyst. 
2S: The maageneee cataljfat tmy, e-^^g,, be one of the compounds 
dascrlbed In "Ef f icient; manganesfe catalysts tpt ldvif-temperactar« 
blaacMng", msj^ M£> PP> 

15} Detergent composition formiilated as a non®<|i-isous detargent 
3Q liquid coiKprising ai liquid nGniGnlc aurfactant sucb as, e.g. , 
linaar alkoxylated priiRary aXcOholi a builsier syatera ie.g. 
phoaphete) , easyroe and alkali , Th® detergent inay alsc c<?mprise 
anionic anrfectant and/or a bieacb syateTts* 

35 The «~as!ylase variant of the inveiition may be incorporated in 
concentrations convent lonally employed in detergents. It is at 
present -nnceir^Iated that, in the detergent cot^pcsition of the 
invention, the a-~a5syiase may be added in an amonnt correspqn- 
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Aing t© Q.oeOOi^l sjg (calculated as ptjrs «&:gyme proteih) of ss- 
aiaylass pet liter cs£ MB.ph iisluor > 



5 TJse dis&washing dsteirgent composition oojRpris^s a surfactant; 
W;hi«h may to® anionic * Boa- ionic, cafcionic, asjpbpteric or a 
mxttiX'© of tfees€s types* Tim cbetergsnt will contain 0-SD% of 
jsoti- ionic smrfactaat ««efa as low- to son-*fo$mi?ig etkossylat^d 
pi^ppfSS^X^t^d str^9iigfefc«'©|jain alcohols* 

xp 7h& <3®tsrgent comj»o«itioa pay cO)ftt8tin ^^t^rgent buil^lgfr ©^its 
of inorganic and/or organic types, the determent builders may 
be s-obdiyided into phosphorus -containing and non- phosphorus- 
containing typsB , The det^xgent ooKspo^ition usually contains l~ 
of dist«r§ent builder®, 

xs E3saiRplie0 of phostpfeorus^opjstaining inorganic all^sline detergent 
buildex'«, wEea present, inolude the matter- soltsbl® salts 
especially alJcali m^tail pyrisphoatpfeate^^ orthophosphatas, and 
polyphosphates . An exafisple of phosphorus - containing drgaiiic 
aXkaline detargsnt builder, when present ^ includes the water- 

£0 soltibls aalts of phoaphorsat^s,, Sjcamples of non - phosphorus" 
cpBtaining inorSfS»i« builders, when present, include water- 
acsli;tb3,e allcali tisetal oarisonates, borates aaad ailioatas as well 
^a th® 'S'arious types of s^at^r-^inaoltibie cirystallinie or amor- 
phb^ss alumino 4l%i,c^t^p of which sseolitea the best-lcnown 

i$ r«pses«ntafciyea , 

Bxsmples of suitable orgaisic feuilders include the alkali metal , 
asrmomijm aad substituted ammonitim, citrates, succinates, 
malonates, fatty acid sulpbonates, carfeioxymetoxy succinates, 
30 amsKsniutn polyacatatss , earbosi^ylates * poly carboxy late Sj aminp- 
polycarbo^eylates , polyacetyl ca^^boxyiates and polyhy- 
droxsij.iphonafces . 

Other suitable organic builders include the higher molecular 
35 weight poiymers and co-polymers known to have builder prop- 
erties, for example appropriate polyacr^'lic acid, pol>'^aleic 
and polyacryiic/pDlysjaleic acid copolymers and their aalts. 
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T&e dishwasMng dete^gesiit cpsspsssition may co»ta.in IsXeaching 
^tg®xitB of tii® tthloria®/bro!8ixse-typ0 or the ox^jj^en-type , 
Examples of inorganic chlorin»/'broniina-typ® toiaaeiie® are li- 
thiiiia, sodium or calcium hypochlorite and hj-polsroisite «s well 
s as chlorinated trisodiym ptaj^ate, S3<ampl«^ of organic chio^ 
rine /bromine -type Meacfee^ &rm fesst^rocycilc H-broia© and W*- 

cyanuric, 4ibrot8oisiocy»iswric said *SifChioroiBocya«iiric acids* and 
salts thej'eof with sa^&h i^s potassium 

M atid I50diu«i- Hydantoxa compotinds are also suitatele. 

The oxygen bleaches are preferred, for escsmpie in the form of 
an inorganic persalt, paraferably with a bleach precursor or as 
a peroscy &cXd coispoimd. Typical «3caRiple« of suitable p®ro3sy 
x$ bleaoli cot«p0und^ ar® alkali metal perborates * fobth tet r&'° 
isydrates and tnoao^ydrat^s, alks^li tsi^tal perc^rboiiates, per- 
silicstes asisJ perpho^phates. prsfarrsd aetivator saafeerials are 
iTI^^D anid glycarol t2/iac©tat<^ ♦ 

20 The slishwashXJS9 detergesxt coisposit ibn of t he invent ion may be 
8ta&ili?i&d using ooiwesitiosial stalsiiizing ages^ts for the 
euayme(s), e.g. a polyol 0uch as e,g,propylMje glycpl, a stagar 
©r a siagar alctjfepl^ lactic ntcXdl, borifi! aci4, or a borie seid 
deriva.tiye, e.g, an arpinatic borate ester. 

fhe dishwashing detes-gent composition of the iavsation may also 
contain other convent ioiial detergmt ingredients,; e-f- 
aefloccuiant ttiat^jrlal^ filler Riaterial* foam aeprs^sors, anti- 
corrosion agants, soil-s«sp«ndi»g a^aists, se«iue«t«rip9 agantSi 
s& ahtl-soil rMeppsition agajits, dehydrating ^g^nts, dyes^ 
bactericides, fluorescers, tMckeners and perfumes. 

Finally, the «~amyiase variant of the invention may tee used in 
conventional dishwashing detergents, e.g. in any of the 
3S detergents described in any of the following patent pubiics- 
tions s 

Signs, E? S1872S, Slttai^ EP S16S53 , E? , 
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EF 






BE 


4I:3?47Q, m 3S33:0>I7, i 


m SE 4205071, WO Sa/O§S80, 


MO 


§3/18129, WO S3/04iS3, 


WO S2/0€1S7, WO S2/0877?, SP 42S124, 


WO 


93/212t9, its 5141€64,< 


B? SS14S2, BP S6144S, SB 2234SS0, 


s m 


33/03129, EP 481547, 1 


!P S30a70, EF S33239, BP 5S4S43, 




346137, 0S S112S1B, ES 


* 318204, SF 3X827S, EF 2711SS, 


m 




iaat945> <m sosssst, m §3/2ss5i, 


m 




$240€32 i 



X8 BMHWIMS 



The cvsrsll Jsosnology- of the liciseisi^d^is «-amyias® (in the 
foiloij^irig referred to as TERM) to otlier Term^siyX-lika 
amylases is high and the p^fcent siisiiarity is extremely high. 

s& Th© similarity calculated for TERM to BSG (the S. 
;«t®srofcfe«CTopisiia« a-'-aiaylase with SEQ ID MO €1 , asd (the S. 
m:^MMquei»ai0nB df-asnyX&se with $BQ ID HO 4) wsiag the 
mjiysrsity of Wiseonsin OiSipetics Co«i^ut®r Sro^ip's pro^^rata GCQ 
gave 83% arid 78%^ reispectiveiy. 'TBm Ms a deletion of 2 

as resi<3ii«& between ?residu€: SISO and KlBl co^ar®:^ t© BSG. 
BS<3 has a deletiors! of 3 residues between G371 arsd X372 in 
co?nparison with BAN and TERM. Further BSG has a C-feasrminal 
extsnsioii ot more than 20 residues coTspared fco 8AH and TSH.H. 
BikM has 2 residues les^ and TEI^ has one rf s^idue i<sss in the 

3s l?~ter?8xrial compared to 

The structure of the: H< lidiseijifoissfis (TERM) aM of the B, 
smylolicpi&faciens df~atnylase CBMf) , respectively, was tnodei 
built on the str-acture discioaed in Appendix 1 herein. The 
3$ structure of other Termajnyl-'like a-amylases (e,g* those dis- 
closed hereih) may be- built analogously . 
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In comparison witili €im j^-smylase used f or elw<3i<3afciiig tlse prs^ 
slsnt ft;rtictiV5r^, TIEM differs In tifest it lacks twd residues 
axownd in order to ccsmpansate for this in the model 

structure, the HOMOLOaY program from BIOSY!^ was xjsad to 
5 substitute the i'«®idu«s in e<pxivale«t positions ia the 
structure, (not only strisct«raXXy consersred rs|rions) esec^spt f or 
th& dfeXetioii point. A pepti4^ Jsond was ssstafolisihed between 
G179i^Sl:7?) aiid KIBOIMSO) in "EESMCBiUSl) , The elo^s structural 
reXatiojiship i5®tw<»««: tfe« solved stiructur^ and tii® modsl 
10 0truc;tur« land thus the validity of the latter) ia indicated tey 
the presence of o»ly very atoms found to fee top close 

together' in the model, 

fcliis y«ry rougfh structure of TBBK was tbeta ^dded all waters 

i& iSOSi and iosis {4 Calcium and X Sodiutn) from the solved 
structure (teendise X) M th^ mm eoordiijates as for said 
sol^d Btructux^ itsitstg the I^SIC^ pro^ratn. This could be done 
•witla only few overlaps - in other words with a v^ry nice fit. 
This ttsodel structure %ver« then Tninittiix:ed using 200 steps of 

M Steepest descent and SOO ateps of Coiijugated gradient (see 
Brooks «t al 1$I83, J, ComputstiQisai Chemistry 4, p.l$7-2ll) . 
The minimizad strussture w&a tfeen subjected to molecular 
dynamics. Spa feeating folldvired by up to 200p^ eg^iilibratioh but 
more than 3Sps- The d^smics as run *fith the Verlet algorithm 

%B and the equiXibration ter^erattsre BOOK were kept using the Beh- 
rendsen coupling to a waterbath CBerendsen et , al > ^ 19S4,- J. 
Chemical Physics 81, p. 36S4-3;6Se} , Rotations and translat-ions 
vere removed every picoaecpnd. The potehtial energy becattse 
stable after appr. 3Sps equilibration, A nepLtx dyBariiics struc- 

3« ture w%s extracted a^d can be; used for furtber analyaiSv 

Determination of residssaa within loA from the iosjs present in 
3» tb® aolved structtxr® 

The cpordinates of Appendix 1 are read into the IJISXSK'X' rrc-gra>?i 
prcvided by BIOS^M tecnologies. The spatial coordinatss are 
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presented jsJstowing t,im hands the atoms* i©n« are 

presented as as the MB.t^x atoms . Thm program package part 

of cr®ati»g subset are used "%i> crests a loA subeet around the 
calcium asid the Sodium ions in ths structure using the cos^mand 

5 SOUS. All xreeiduss having an atom v?it.fein the XOi are coatfiled 
and written out by the LIBS' M02/SCm£ cofsmanci. By giving the 
ions the siame ium in the coordinate file a loA sphere arpPisd 
all atCTOS called ium is cotagllM, The specific residuss 
idesitified ii^ this mamer are ^iv^n further above in the 

10 section entitled "Ca'* dependetics?* , 



ISetermii^atiosi ot eat^ities in. thm solved sts^usture |^|»pesid4x 1) 

The sdlved etx^cture essfctibits tmny internal holes and cavities . 
When analysing for swch cavities the Gdhnollj^j? prograsj is nor- 
meily used {l*ee, B. and Richards, F.K. Cl$?xi J. Mol, Siol. 
SSfP* 379 "400} . The prdgrats uses a probe with radius to search, 
so the ejcternai and internal surface of the px'otein. The smallest 
hole obeervable in this way has the probe radiue. 

To anai5fse tha ^oived structure a modified version of the 
Connolly pnssram included in the isrogram of zmimr were used, 

85 First the water tnoleculae and the ions were remo^^ed by 
linmerging these atoms fro^s the solved structure. By using the 
coa«ftand MOLICULE Stm?llCB SOLVEHT the solvent accessible surface 
area were calculated for all atonss and residues using a probe 
radius of i,ik, and displayed on the graphics screen together 

30 with tha tsspdel oi. the sol'5?sd etructure. the int^rn^l cavities 
^*fhere then seen as dot Surfaces with no connections to exterBai 
surface. 

Mutant suggestions tor filling out the holes are given in the 
35 specification (in tHe section entitled **Variants with increased 
thermostability and/or altered tessperatUre optimum" > , By using 
the homology build structures or/and tha sequence alignjsent 
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suit at ions for tfee fedmoiQ^ou® structures of 1?BR|s^ and BSO and 
EXAMPLE 4 

18 plasmid denote<3 pDl^lS28 . This plas»id contains the compiet® 
Sr«ae encoding Tertnamyl, ajsiyL, the ©aqpression of which is 
directed by its own promoter. Further, the plasmid contains the 
origins of r«|>iication, orif from pls^mi^ pXJBllO mnd th@ cat 
gtetti& ffoss i?l«aiaid pd94 conferriiig resistance towatda 

IS chjtor$imphenicoI- pXHiS2:$ is shorn in Fig, 9. 

A specific mutagenesis %*ector cotitaining a major part o£ the 
coding region of SEO ID ISO l was prepared. The important 
features of this vector, denoted pJaEHl, include an origin, of 
i|8 retplieafcion derived fr^om the puc plasmids, the cat gene 
oonf birring resistasice towards dhi or ampheni col, and a 
frameshift--conts.i»isi$ version of the Ma gene, tfee wild type of 
which nprtnatlly confers reeietance towards a,»i|s;icillin i&tssp^- 
P-henotype) . This jsutated version results in an amp® phshot'^*p^ * 
The plasstid pJeENl is showi in Fig. 10, and the coli origin 
of replication, ori. Ma, c&t , the S' - truncated version of the 
Tersnamyi ssnylase gene< and selected restriction sites are 
indicated on the plasasid. 

30 Mutations are introduced in m^tt by the tRethod described by 
Deng and Hickoldff- (1932, ^iai..,.^M: S >ffhei^ r. 200 > pp,. 81-88) except 
that plasmias with the "selection primer" (priraer #Sgl6; see 
belotrv-) ii).cos'porai:ed are seleoted based on the arap'' phenotype of 
transfoactned coli cells harboring a plasisid with a repaired 

35 Ma gene, instead of eii^loying the selection by restriction 
ensyme digestion Outlined by Deng and HickoiOf f , Chemicalis and 
ensymss used for ths: mutageneais were obtained from the 



11 

CJiam«i®csa'^ mutags»®als kit from Stratsg^rie {catalogue nun&*er 
20OSO9) * 

After v®rifi.catio« of tiie segtsence ir* ^mriant plasmids, tfe« 
g truncated geR«, containing the desired aiteratioB* is- subcioned 
into gfDMISSS a® a |*^£l~^coB.I fragmsat and traasfon«ed into a 
protease- aud antyla:©«~d^j>l^fc®d B0icilXu0 svihtSllB strain in 
ord^r to easpresp the "variasit an;K|TO. 

is The Terss^stf^I '^ariasit waa coastructed by the use of fcha 

following mitagexseais prlaser (writtesi S* to 3'\, left to riglift) 3 

I^G STC QTA mc ACC GTA QCC QC^ COC TXq 

IS The Tersi:amyl wria-nt JISSW -4- VS4W ma eonstracted by t)s<^ itsaa of 
the folIowiBg m^tag^Siesis pritn«r {written 5* to 3", left to 
right) ; 

PG: QTG QfA i^CG <Jm OCC CG^ ATC CC& TTO GCT GG 

Primer #6616 (written S' to 3*, left to rxght; P denotes a 5' 
pJaosphate) ? 

1^ CTG fG)l CTG GTG JlGf ACT CA?1 CCA AGT C 

Sstce&arif i«mtion Iss, preseasa of ««r«gid»«il** of-a^la»a 

3d 

Two a|!^rdpriate Teinnamyl 'Sfariaivts with altered specif icity wera 
e^-^aluatSid by aacclssrifying a M 10 im daxtrbse eqiiivaXent} 
m^ltddextriri substrate with 4. niger glucoasTsylase and S. 
aeidopuIIuiytiCMs p^jliuXaaass msder conditions where the 
3S variaxit amylase was active. 

Sae:a harillaa£ l^ i Substrates for saccharificat ion t^ers prepared 
by dissolving 230 g BE 10 spray-dried maltodextrin, prepared 
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from common «om starch, iu 4€0 ml h&ilxn$ 4©ipnis®4 water and 
adjusting dry ©ubstarjce CDS} content to appro;^imsfcaiy 30% 
w/w. Th« pH was adjusted to 4 . "7 Cmeasured at 60«c) arid aXiquots 
of substrata corresponding to IS g dary weight wera tranff^jrred 
s to SO ml M«s cap glass flasks . 



w«r© fcteen placed iii a Blikkiisg watsr bath 
equilibrated at SO'^C. aiM tim ^nzyms a<i«. fte pH 
readjusted to 4.7 where necessary, 

18 

The foXlowiag eassymes were usedj 

Glucoastylas©: mm^ Wpro Nor<2isk Ik/S) ? dosage 0 , xs m/g OS 
PuXliilaBSse { Prd«>2yrae* <Hov^c Hotdii^k A/S) ; 

aj~^myia®ea; t'ermasnyl''' CNovo Nordisk ; dosage $0 OT/g DS 
Temjamyl variant VS4W.; dosage 60 HtT/g DS 
TeOTamyi ^riant ¥S4W + M2Wf dosage €0 HtJ/g PS 

20 2 ml gastplee were taken periodically, Th® pH of each sample was 
adjusted to afo<&iit 3,0, and the sample wae then heated in a 
boiling water Isath t<~>t 15 isin\i:ts!S to inactivate the enzyiaes , 
Mter coolisig* the sas^les *?ere treated with appi-oisifti^tely 
0,1 g Tsix«d~foed ion exchahge resin CBIO-Rad SOX-JC: IP)) for 30 

ss minutes on a rotary mixer and then filtered. The carbohydrate 
composition of sach sample was determined by KFLC, The 
following rewlts were obtained after 72 hours im^ denotes a 
dextrose (D-glucoeeJ oligomer with n glucose unitsl j 
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It caa be Bm^n from th^ abo-ye results tJj«t co?Rpa3?e<a witfe tb« 
control Ctio &~0mfXm^ ^csivity present ^ux'ing liqiie faction) ^ 

the px-as€uc© of £^~smyiase acti%''ity from variants and 
* A52l'f did not -lead to elevated panose (DP.) levels, Irs 
5 contrast, Termamyl 0-aT3yl®se activity resulted in higher levels 
cf panose and a sufosaqueGt loss of D-glucose CDPj) yield. 

Thn&f if (g'^Mx&y^&m variants VS4W or ¥S4W + ASaw are tised tor 
starch liquefaction, it will act iiecessary t© imcftivat« the 
is residiiaX sf-amylaBe: activity before the cosms'e)ac«msnt of 
saccHarx^ ic^t iosx « 

EXAMPLE 6 

IS Sis.lcit»'*fei»ding &£f itiifc^ 6£ sS>-«bk|*'X*8« of tfa.« i.av«ixtism 

ysafpXdxTig of amylases by a?s|j©sur<s ti? heat ©r to denaturants 
sucfh 9?iai:iidine hy^rocbl©ri<l« ia accompanied by a d«cr®asft in 
fltsorssc^nce . lj<3sa of caXciutti ions laads to unfolding, and the 

20 affinity of cs-amylas-ss for ealciuir' osn foe measured by 
f Ixsorascenc® measurements befo3re and after incubation of eaoti 
«»a$nylaae (a.S- at a do$ice?itrati0n of 10 jsig/mif in a buffer 
(e,g. SO siM HB^ES, pH f} with dtiifarant eoncentratioiis of 
calcium (a»SF. in tha range of 1 ^H-^IOQ jnM) or of EGTA (e>g. in 

St tJie raisge of 1-1006 iM) WGTh » l, 2-<di (2 -aminoetho^J ethane ■ 
A^l>r,, , A" -tetraacatic acidj for a .sufficiently long period of 
time (a«ch as 22 hours at 5f *C) - 

The measurea f i^orei^cenca F is ooinpos^d of contributiona f orm 
30 tiie folded and unfo:isi®d forma of tha fen2y?ne. tha following 
equation can b® deri'^?ad to describa the dependence of F on 
calcium concentration ( tCal ) t 

F tCa]/{K^^sa * [Cs] ) (ofj, - ^jjlogUCalH * 

where &>i la the fluorescence of the natiye {folded) form of the 
attsyms, Is the linear depehdente of % on the logarithm of 
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th« calcium Gonc^Ktration (as obser%^ad experim8nt;^lly) , Is 
the fluor«0ce»ce of the unfolded form and is the linear 
dependeisce of a% on the logarithm of the calcium concentratlori, 
is the apparent oaicium-Mnding constant for an equiiibriuw 
s process ®ai tc>Hos#iS: 

N"Ca *» ir * Ca (I? w active sn^yme; tf » UBf oldi®4 en:Kyme} 

16 In fact, -uafoldiTJig proceeds extremely slowly and is 
irreversible. The rats of unfolding is & dependent on ealcium 
concentration, and the dependency for a given a-&myls.se 
ptmrid^^ a measure of the Ca-feinding affinity of the enssyttse . By 
defining a standard set of reaction conditions {e.g. hours 

iS at S?«q):, a i&eaniisigfui coR^arison of sKl^d*^ fdr different 
amyiasee can be made, Th.® calolum dissociation cur^fes for 
Oi-aT?wlases in general can be fitted to the equation above, 
allowing determination of the corresponding vaiues of K&i^^ . 

20 the follov?ing values for: K^^,^ were obtained for a parent 
TersnamyX-like at-simylaee having the amino aoiil seg^ience ehown in 
SSQ IB NO. 1 of WO 9S/263l>7 and for the indicated variant 
t ^ e r e o f a c c o r d i n g t o t h e i n v e n t a. o n ; 
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It is apparent fro« the. above that the calcium-binding affinicy 
of the variant in question binds calcium sign.if icantXy more 
strongly than the parent, and thereby has a correspondingly 
lower calcium dependency than the parent, 

5S 
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and 3* sequence of the relevant of-amylase §®ftes are iilus- 
s trat«;d< Tha S' sequence is the first separate part of the seqvs- 
anca written with lower case |.®ttars, tJb« coding sequence is 
£h<e intsrtsedlata part of ti:is sesjij^nc®, where the signal sequent 
is ws'itt^ yifch lower cs^e iSit^teirss ^ji^ fche s^e<?iuence encodingf 
tiae tsature Of'-aiajrl.aee is wrxt:ten wish upper case i^tt^rSf and 
x& th^ 3^ s^gueno© is! t^hB tihird separate psi^t pt fche ^sequaisce 
wittsa with iow^r casa latteufa- 



SEQ ID No, 1 

3,5 

cggaagattggaagtaeamaaataagca^^ 

9fag;^cgga&ai8ia t c^tc t a a t ^cacgat at 1 1 1 a t ^ca^cgt t cgcaga t gc t gfc t gaa - 
gagattattaaaaagctgaaaigcaaaaggfctatc&attggt aact^satctcasfcttga- 

a§aagtgsagaagcagagaggctattgaataa®tgagtagaagcgccafc®tcg^gcgcttfet.« 
20 ttttggaagaaaatatagggaaaatggtactfcgttaaaaatteg^-aatatttatacaacatc- 
atafegtttca<?attgaaa ggggsggagaatc 

a tgaaaca&caaaaacggct 1 1 acgcccgat tgct gacgct gt t a t fe tgcgct cat ct t c 1 1 ^ 
gietgc ctcattctgcagcagcggcgtSiCSl^TC^ 

ATTCCCGCGACATTAACGTTmCGGGmT STSQ'PCATCmCC^vC&M.O'GCGGCGGTGAr 
e\GGaGA&C?vCCT«TiyUilGGC^ 

O^aCGATTTTA AATGGCATTGOmCCATTTO&CGGi^C^^ - 

GCTGAACCGCATCTAtA?vGTTTCA.J5,GGAAAG GCTTOSGATTGGGIAGTTTCCAATGAA - 
AACGGCiy\C?ATGOTATTTGATSTATGCCG.ACATC^^^ TGTCGCAG ■ 

GATGCTGTCA AACACATTAMTTI^GTTTTTTGGGSGATTSGGTTA^^ 

AA&A A CGG SGA AGGJ^A&TGT t1?ACG G TAG CT GAAT ATTGOC AG AAT - 

GAGTTGGGGGCGCTGGAAAAGmTTTGAACAAAACJ^^ 



SUSSITryU SHEET C8ULS 26| 



S4 

GAmTTGCTOIiaCGGTACO-GTCGTTT CO^GC?iTCCGTTGAJiA'rCGGTTAeATTTGTC©- 
ATAACCATGIim(^C^GCC<sGGGCmTCGCTTGA0^COACTGTCC&^^^^ ACATGGTTTAaG- 
qCGCTtOCTmCSCTTrtJ^TTCI?^ 

s OhTmwsk coGGi^caayykGGAmcTCCC^GCGCsjyyiiTTCc^ 

MACGCCGGTGA GAC^^TGQCaTa^C^rX'ACCGaAAACCGTTCGGAGCCOGTTGTC^^ 
a. 0 m"'CGGAIlG0CTGGGip.qAGTTTC&eGTifeMCG GCSGOTCGGroCMTTTAtGTTCAAA - 
GATAG 

WIPPAYraSQApVOYGAimYDIjaBFHQKaTO-m 
XDYDH^DVAASiptWqTmrAip 

LRDmn^mmSICTGKEMFWAETOM)LGALE^m.!?KTHF!? 
HSVFDVPLHYQFim?i.$TOG<3GYD^5ElO:.I^GT^a''SI*SJPLK^ 
2S VTFVD|?HDTQPGQSLESWO"BvrFK?IAYI^F 

WYGDMYGTRGDSaEEIFM^roiSPSXiiKAEICamYGAOH 



SEQ ID Ko. 3 

§ccc egsaca t acgaaaa^^ egagcc 1 1 1 ga t gac t ga t gat 1 1 gg~ 

3S ctgaagsagtggatcgattg tt&gagaaaagaaga^gaccataaaaacaccttgtctgt/- 

aagg^g^gg t. at tat t £ t a c t ga t; a cgt ^ 

3 C3 3 1^ ^ ^.■ci 



